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Abstract:  A  key  concent  for  the  U.S.  Army  is  the  vulnerability  of  military 
installations  to  critical  resource  issues.  Water  issues  of  concern— including 
adequate  supply,  increased  cost  of  production  per  unit  volume,  quality', 
habitat  degradation  and  salinity  issues— already  impact  military 
installations  and  military  operations  in  many  locations  within  the  nation 
and  across  the  globe.  There  is  a  need  to  assess  vulnerability  of  regions  and 
installations  to  water  supply  and  to  develop  strategies  to  ameliorate  any 
adverse  effects  on  the  triple  bottom  line.  Thus  work  employed 
methodologies  developed  by  the  U.S.  Army  Engineer  Research  and 
Development  Center,  Construction  Engineering  Research  Laboratory 
(ERDC/CERL)  to  conduct  national  screenings  of  watershed  vulnerability, 
prepare  regional  water  budgets  documenting  supply  and  demand  in 
regions  containing  Army  installations,  and  develop  installation  water 
demand  projections.  The  methodologies  look  beyond  the  fenceline  and  30 
years  into  the  future  to  identify  the  potential  for  water  scarcity.  Water  law 
Is  described  on  a  region-by-region  basis  and  instructions  are  provided  for 
developing  a  water  conservation  program.  Recommendations  are  made  for 
achieving  Federal  water  conservation  targets  contained  in  Executive  Order 
13423,  Strengthening  Federal  Environmental,  Energy .  and 
Tra nsporta tion  M anagement. 
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1  Introduction 

1.1  Background 

Water  is  generally  considered  a  renewable  resource,  but  a  host  of  wide¬ 
spread  changes  (population  growth;  surface  and  groundwater  contamina¬ 
tion  from  human  activities;  globally  increased  water  usage  for  agricultural, 
industrial,  and  personal  uses;  rising  global  and  regional  temperatures;  and 
rising  water  demands  for  alternative  energy  production  options  such  as 
bio-fuels  and  tar  sands)  are  contributing  to  growing  problems  that  are  be¬ 
ginning  to  limit  access  to  adequate,  sustainable  supplies  of  high  quality 
water.  Over  the  past  decade,  about  50  percent  of  the  United  States  has 
been  experiencing  drought  and/or  severe  drought  conditions  (NOAA 
2005).  While  problems  with  access  to  adequate  fresh  water  supplies  vary 
spatially  and  temporally,  they  are  growing  in  extent  and  duration  and  will 
contribute  towards  political  strife  and  regional  instability  in  many  parts  of 
the  world.  The  historic  water  rights  systems  of  Riparian  Rights  of  Land- 
owners  and  Prior  Appropriation  Doctrine  are  leaving  insufficient  supplies 
for  users  experiencing  water  scarcity  due  to  drought,  population  growth, 
or  declining  aquifers.  In  the  United  States,  Georgia,  Alabama,  and  Florida 
have  been  quarrelling  over  water  rights  for  many  years. 

Water  issues  of  concern— including  adequate  supply,  increased  cast  of 
production  per  unit  volume,  quality,  habitat  degradation  and  salinity  is¬ 
sues— already  impact  military  installations  and  military  operations  in 
many  locations  within  the  nation  and  across  the  globe.  A  high  priority 
Army  environmental  research  requirement  identifies  water  "reuse”  as  a 
concern  in  addressing  water  supply  and  cost  problems.  This  requirement 
cites  examples  where  water  supply,  water  price,  and/or  water  quality  cur¬ 
rently  impact  military  installations.  In  addition,  regional  competition  for 
water  due  to  urban  growth  threatens  continued  availability  of  adequate 
water  both  on  and  off-post. 

These  impacts  will  grow  in  scale  and  severity  in  the  near  and  mid  terms, 
requiring  better  understanding  and  forecasting  of  how  limited  water  sup¬ 
plies  and  increasing  water  costs  could  impact  Army  installations  over  the 
next  few  decades.  This  understanding  will  inform  the  Army's  water  use 
policies  and  help  coordinate  these  policies  with  stakeholders.  It  will  also 
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enable  better  planning  and  application  of  system  upgrades,  including  the 
implementation  of  Best  Management  Practices  (BMPs)  (water  reuse  tech¬ 
nologies,  conservation  measures,  leak  detection  and  repair),  water  treat¬ 
ment,  and  improved  water  delivery  infrastructure.  In  addition,  future 
Army  water  sustainability  measures  will  have  to  be  coordinated  with  mu¬ 
nicipalities  and  districts  that  are  using  the  same  watershed  or  aquifer. 

Although  individual  studies  have  been  completed  as  a  result  of  localized 
threats  to  water  supply,  a  comprehensive  review  of  water  sustainability  at 
Army  installations  in  all  regions  has  not  been  completed.  National  water¬ 
shed  assessments  provide  classes  of  installations  based  on  the  “health"  of 
the  associated  watersheds.  This  allows  prioritization  of  regions  for  detailed 
analysis.  Regional  assessments  provide  the  specific  information  necessary 
to  formulate  policy  measures  that  support  a  sustainable  water  future  and 
attainment  of  the  triple  bottom  line. 

1.2  Objective 

The  objective  of  this  study  is  to  provide  an  assessment  of  regional  water 
scarcity  as  it  affects  Army  installations  to  ensure  continued  viability  and 
sustainability  of  Army  operations.  Results  of  the  assessment  were  used  to 
formulate  strategies  for  achieving  water  efficiency  goals  and  to  present  re¬ 
commendations  for  changes  to  Army  policy  to  plan  for  a  secure  water  fu¬ 
ture. 

1.3  Approach 

The  national  watershed -level  screening  identified  Army  installations  in 
regions  vulnerable  to  issues  of  water  supply  and  demand.  This  work  uses 
the  Sustainable  Installations  Regional  Resource  Assessment  (SIRRA) 
methodology  to  identify  watersheds  with  potential  sustainment  problems, 
rank  watersheds  by  their  relative  vulnerability  to  such  problems,  and  refer 
those  watersheds  containing  critical  Army  installations  and  flagged  as  "at 
risk"  during  screening  for  further  study.  While  screening  by  itself  does  not 
provide  a  diagnosis  of  "at  risk"  watersheds,  it  is  the  first  key  step  in  the 
process  that  may  identify  additional  recommended  studies,  planning,  and 
actions. 

Installation  water  scarcity  was  assessed  by  developing  and  applying  meth¬ 
ods  for  conducting  a  regional  water  balance  (or  budget)  at  two  installa- 
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tions.  Regional  water  budgets  identify  sources  of  water  supply  and  de¬ 
mand  for  the  water  resources  used  by  Army  installations.  The  product  is 
an  input-output  model  of  regional  water  supply  and  demand.  Model  vari¬ 
ables  were  altered  to  produce  alternate  future  scenarios  and  evaluate  the 
potential  impact  on  availability  of  water  for  Army  installations. 

The  Installation  Water  Demand  Model  was  used  to  develop  water  use  es¬ 
timates  projecting  30  years  into  the  future.  The  model  uses  installation- 
specific  data  about  historic  water  use  and  existing  and  planned  building 
stock  to  project  future  demand.  Regional  water  demand  is  calculated  using 
historic  regional  water  data,  existing  and  planned  water  conservation 
measures,  and  projected  population  changes. 

Water  policy  affecting  Army  installations  is  characterized  on  a  region-by¬ 
region  basis.  Creation,  definition,  and  control  of  private  water  rights  rests 
at  the  state  level.  Three  doctrines  for  surface  water  allocation  are  appro¬ 
priation,  reasonable  use,  and  absolute  ownership.  Groundwater  allocation 
is  determined  using  the  appropriation  doctrine,  riparian  doctrine,  or 
mixed  doctrine.  The  key  Federal  policies  regarding  Army  water  use  are 
contained  in  the  Energy  Independence  and  Security  Act  of  2007  (EISA 
2007)  and  Executive  Order  13423,  Strengthening  Federal  Environmental, 
Energy,  and  Transportation  Management. 

This  report  includes  guidance  on  water  efficiency  planning— including  rec¬ 
ommendations  for  BMPs  for  different  water  use  categories— and  makes 
recommendations  as  to  how  installations  can  meet  the  water  conservation 
targets  established  in  E.0. 13423. 

1.4  Mode  of  technology  transfer 

This  report  will  lie  made  accessible  through  the  World  Wide  Web  (WWW) 
at  URL: 

ntlp:/  /  www.cecer.Aimy.mil 
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2  Water  Vulnerability  Issues  for 
Army  Installations 

2.1  Water  trends  of  concern 

Water  scarcity  may  be  the  most  underestimated  resource  issue  facing  the 
world  today.  World  water  use  has  tripled  in  the  last  50  years.  Current 
global  water  usage  breaks  down  into  three  general  categories:  70  percent 
for  irrigation,  22  percent  for  industry,  and  8  percent  for  residential  pur¬ 
poses.  The  fact  that  40  percent  of  the  world’s  food  supply  now  comes  from 
irrigated  land  shows  the  increased  reliance  on  irrigation  in  the  world  food 
economy.  While  the  demand  for  fresh  water  continues  to  increase,  the  ba¬ 
sic  supply  of  fresh  water  in  the  global  hydrological  cycle  remains  static. 

"Humans  already  appropriate  over  50  percent  of  all  renewable  and  acces¬ 
sible  freshwater  flows  ..."  And  yet,  about  one-third  of  the  world’s  popula¬ 
tion  lives  under  moderate-to  high  water  stress,  that  is,  consumption  ex¬ 
ceeding  supply  by  an  excess  of  ten  percent  (Gleick  et  al.  2008).  Two 
principal  signs  of  stress  indicate  that  the  demand  for  water  is  outrunning 
supply:  rivers  run  dry  and  water  tables  fall  (Brown  2001).  In  fact,  many  of 
the  world's  major  rivers  either  fail  to  make  it  to  the  sea,  or  have  very  little 
water  left  in  them  when  they  do  reach  their  mouths.  For  example,  the 
Colorado  River  rarely  reaches  the  Gulf  of  California;  it  is  drained  dry  to 
satisfy'  the  agricultural  needs  in  Colorado,  Arizona,  and  California.  The 
Nile  River  has  little  water  left  in  it  when  it  reaches  the  Mediterranean.  The 
Ganges,  which  is  shared  by  India  and  Bangladesh,  is  almost  dry  when  it 
reaches  the  Bay  of  Bengal.  China's  Yellow  River,  the  cradle  of  Chinese  civi¬ 
lization,  first  ran  dry  in  1972;  beginning  in  1985  it  has  run  dry  for  part  of 
each  year. 

2.1.1  Rising  demand  for  water 

Water  tables  are  falling  on  every  continent.  Aquifer  depletion  is  a  global 
problem  that  has  emerged  in  the  last  half  century.  This  occurred  because  it 
is  only  during  this  time  period  that  the  pumping  capacity  has  existed  to 
deplete  aquifers.  The  size  of  the  world  water  deficit— the  amount  of  over- 
puntping  in  the  world— using  data  for  India,  China,  the  Middle  East,  North 
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Africa,  and  the  United  States,  is  estimated  to  be  160  billion  tons  of  water, 
which  equals  160  billion  cubic  meters  (Pastel  1999).  The  United  State's 
portion  of  the  water  shortfall  is  about  2,700  billion  gal/yr,  about  7  percent 
of  the  total. 

The  U.S.  Army  is  also  experiencing  unprecedented  growth,  undergoing  the 
largest  organizational  change  since  World  War  II.  It  is  expected  that  fully 
one-third  of  the  forces  will  be  restationed  by  2011  impacting  380,000  sol¬ 
diers  and  family  members.  In  addition,  total  Army  strength  is  growing  by 
74,200  troops.  This  transformation  is  triggering  743  new  building  con¬ 
struction  projects  at  a  cast  of  $66. 4B.  These  projects  include  twenty  bri¬ 
gade  complexes,  690,000  barracks  spaces,  4,100  family  housing  units,  and 
66  child  development  centers  (Balocki  2008). 

2.1.2  Water  quality 

Water  quality  is  inextricably  connected  to  water  supply.  The  extent  and 
condition  of  water  can  affect  human  health,  ecosystems,  and  critical  envi¬ 
ronmental  processes.  Even  small  changes  in  quality  can  render  water  sup¬ 
plies  useless  for  their  intended  use  or  hazardous  to  life.  In  addition  to 
meeting  direct  human  needs,  water  provides  vital  ecosystem  services. 
Among  these  services  are  recycling  of  nutrients,  infiltration  of  storm  wa¬ 
ter,  maintenance  of  base  flow,  aquifer  recharge,  sediment  transport,  flood 
mitigation,  and  maintenance  of  productive  aquatic  and  riparian  habitat. 
Degrading  freshwater  sources  through  pollution  or  inadequate  source  pro¬ 
tection  diminishes  the  supply  of  adequate  water  for  environmental  and 
human  use.  Sources  of  water  pollution  include  runoff  from  urban  areas, 
farmland,  and  animal  feedlots.  Contamination  of  surface  and  groundwater 
in  agricultural  and  urban  areas  is  characterized  by  a  complex  mix  of  nutri¬ 
ents,  trace  elements,  pesticides,  VOCs,  and  their  chemical  breakdown 
products.  Pollutants  include  pesticides  and  fecal  matter  from  farms, 
chemicals  from  industrial  processes,  and  fuel  and  organic  compounds 
from  vehicles  and  transportation  routes.  Other  water  quality  issues  include 
saltwater  intrusion  from  drawdown  of  aquifers  and  interactions  between 
surface  and  groundwater  due  to  over  pumping. 

2.1.3  Climate  change 

One  of  the  factors  that  make  assessing  future  water  scarcity  difficult  is  cli¬ 
mate  change.  The  latest  evaluations  of  global  climate  models  anticipate  the 
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following  changes  in  the  water  cycle:  changes  in  precipitation  patterns 
and  intensity,  changes  in  the  incidence  of  drought,  widespread  melting  of 
snow  and  ice,  increasing  atmospheric  water  vapor,  increasing  evaporation, 
increasing  water  temperatures,  reductions  in  lake  and  river  ice,  and 
changes  in  soil  moisture  and  runoff.  Regional  differences  are  projected 
and  it  is  expected  that  extreme  events  will  precede  changes  in  the  mean 
(Karl  et  al  2009).  That  is,  in  regions  where  average  amounts  of  precipita¬ 
tion  will  remain  the  same,  moisture  will  be  delivered  in  larger  storm 
events.  This  will  reduce  the  usable  amount  of  water  due  to  the  inability'  of 
the  ground  to  absorb  the  water  for  later  release  or  for  recharge  of  ground 
water. 

Temperature  rise  will  affect  water  supply,  particularly  for  agriculture.  A 
rise  in  average  temperature  in  mountainous  regions  of  1  or  2  "C  can  sub¬ 
stantially  alter  the  precipitation  mix  between  rainfall  and  snowfall,  with 
substantial  increases  in  the  amount  of  rain  precipitation  and  a  reduction 
in  the  amount  of  snow  precipitation.  This  change  translates  into  more 
runoff  and  more  flooding  during  the  rainy  season  and  less  water  that  is 
stored  as  snow  and  ice  in  the  mountains  for  use  in  the  dry  season.  The 
snow  pack  acts  as  a  reservoir  which  is  slowly  draining.  Earlier  peak 
streamffow  due  to  earlier  warming-driven  snowmelt  is  already  occurring. 
This  provides  greater  river  flows  earlier  in  the  growing  season  when  it  is 
not  needed  by  agriculture,  and  consequently  provides  lesser  flows  later  in 
the  growing  season  when  it  is  needed.  Higher  temperatures  also  increase 
evaporation  of  surface  waters  leaving  less  available  for  human  or  envi¬ 
ronmental  purposes. 

2.1.4  Land  Use  Trends 

In  the  United  States,  the  per  capita  water  consumption  has  lessened  over 
the  past  20  years;  yet,  16  million  people  face  water  rationing  (Glenn  and 
Gordon  2004).  Over  the  next  decade,  the  United  States  is  expected  to 
move  from  a  high  water  availability  nation  to  an  average  water  availability 
nation  (CIA  2000).  In  addition  to  issues  related  to  climate  change  and  the 
overpumping  of  aquifers  for  irrigation  and  domestic  water  supply,  another 
major  contributor  to  water  problems  in  the  United  States  is  the  way  that 
land  is  developed.  Sprawling  growth  paves  over  increasing  areas  of  wet¬ 
lands  and  forests,  which  contributes  to  the  depletion  of  water  supplies 
(Otto,  Ransel,  et  al.  2002). 
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Critical  water  shortages  are  not  isolated  to  the  arid  West.  The  rapidly  sub¬ 
urbanizing  Southeast  is  now  in  serious  trouble,  as  are  many  other  formerly 
water-rich  regions  of  the  country.  Over  the  last  decade,  studies  have  linked 
suburban  sprawl  to  increased  traffic  and  air  pollution  and  also  to  the  rapid 
loss  of  farmland  and  open  space.  Sprawl  both  pollutes  and  reduces  water 
supplies.  Impervious  surfaces  (roads,  parking  lots,  driveways,  and  roofs) 
replace  meadows  and  forests  so  that  rain  can  no  longer  can  seep  into  the 
ground  to  replenish  aquifers.  Rainwater  is  swept  away  by  gutters  and 
storm  sewer  systems.  The  sprawling  of  America  has  translated  into  a  sig¬ 
nificant  loss  of  valuable  natural  resources.  Undeveloped  land  is  valuable 
not  just  for  recreation  and  wildlife,  but  also  because  of  its  natural  filtering 
function.  Wetlands  act  like  sponges  that  absorb  precipitation  and  runoff, 
and  then  slowly  release  it  into  the  ground. 

2.1.5  Groundwater  Depletion 

More  than  one-third  of  Americans  get  their  drinking  water  directly  from 
groundwater,  and  the  remaining  two-thirds  depend  on  surface  water. 
Groundwater  conditions  also  impact  surface  water  because,  typically, 
about  half  of  a  stream's  volume  comes  from  groundwater.  These  streams 
and  the  lakes  are  then  the  source  of  drinking  water  for  the  other  two-thirds 
of  the  population.  Groundwater  depletion  characterizes  the  extent  to 
which  rates  of  groundwater  withdrawals  are  exceeding  long-term  average 
recharge  rates  resulting  in  overdraft.  Overdraft,  or  groundwater  withdraw¬ 
als  in  excess  of  natural  baseflows,  indicates  an  unsustainable  rate  of 
groundwater  use.  Where  groundwater  withdrawals  are  high  relative  to 
baseflows,  water  users  may  be  vulnerable  to  climatic  changes  that  reduce 
runoff  and  aquifer  recharge.  This  suggests  that  increased  groundwater  use 
may  not  be  a  viable  adaptation  to  changes  in  surface  water  supply  or  in¬ 
creases  in  water  demand  accompanying  climate  change. 

The  SIRRA  indicator.  Groundwater  Depletion  (Figure  1),  illustrates  the 
ratio  of  withdrawals  from  recharge.  Groundwater  withdrawals  in  excess  of 
natural  groundwater  recharge  rates  indicate  an  unsustainable  rate  of 
groundwater  use  (Hurd,  Leary  et  al.  1999).  Groundwater  depletion  was  de¬ 
termined  by  the  percent  change  in  total  groundwater  withdrawals  between 
1995  and  2000. 
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The  groundwater  depletion  ratings  were  grouped  into  the  following  classi¬ 
fications  based  on  statistical  classification  around  the  mean 
(83.17  percent)  and  standard  deviation  (323.17). 


Very  Low  Vulnerability  (1) 
Low  Vulnerability  (2' 
Moderate  Vulnerability  (3' 
Vulnerable  (4; 

High  Vulnerability  (5] 


<  =  o  percent  change 
o  -  25  percent  change 
o  -  25  percent  change 
26  -  83  percent  change 
>150  percent  change 


High  depletion  rates  are  vulnerable  to  long-run  changes  in  hydrology  and 
future  lack  of  supply.  Much  of  the  U.S.  West,  Southwest,  central  plains, 
and  Florida  are  highly  vulnerable. 


Figure  L  Vulnerability  to  groundwater  depletion. 


2.1.6  The  Energy/Water  Nexus 

The  Energy/Water  nexus  is  an  important  issue  that  has  taken  on  new  ur¬ 
gency  as  concerns  have  grown  about  competing  demands  for  this  limited 
resource  (WEF  2008).  Energy  can  account  for  60  to  80  percent  of  water 
transportation  and  treatment  costs  and  14  percent  of  total  water  utility 
costs.  Much  of  water  resources  development  took  place  during  the  2()'h 
century  in  an  era  of  both  low  energy  and  water  prices.  Subsidized  rural 
electricity  increased  agricultural  production  in  irrigated  areas  and  encour- 
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aged  the  use  of  irrigation  in  areas  without  direct  access  to  surface  water. 
Energy-related  uses  of  water  include  thermoelectric  cooling,  hydropower, 
minerals  extraction  and  mining,  fuel  production  (fossil,  non-fossil,  and 
biofuels),  and  emission  controls.  Energy  demands  in  potable  water  sys¬ 
tems  include  that  required  for  pumping,  transport,  treatment,  and  desali¬ 
nation  of  water  (UN  2009). 

In  the  United  States,  the  use  of  water  for  power  generation  is  the  number 
two  use  behind  agriculture.  Electric  power  plants  are  among  the  greatest 
users  of  water  nationally,  especially  in  the  northern  and  eastern  parts  of 
the  country,  though  only  5  percent  is  consumptive  use.  Water  for  thermoe¬ 
lectric  power  is  used  in  generating  electricity  with  steam-driven  turbine 
generators.  Thermoelectric-power  withdrawals  accounted  for  48  percent 
of  total  water  use,  39  percent  of  total  freshwater  withdrawals  for  all  cate¬ 
gories.  and  52  percent  of  fresh  surface-water  withdrawals.  Construction  of 
new  power  plants  has  been  flat  for  20  years,  but  that  is  changing. 


Figure  2.  Therm oe  ectnc  power  energy  wthdrawals,  10-year  change. 


The  SIRRA  indicator,  Water  for  Energy  Production  10-year  Change,  high¬ 
lights  regions  where  water  withdrawals  for  energy  production  are  increas¬ 
ing.  While  climate  change  will  have  a  number  of  adverse  effects  on  water 
cycles,  increased  temperatures  will  also  increase  the  demand  for  air  condi¬ 
tioning.  Combined  with  increased  power  needs  for  expected  population 
growth,  and  planned  construction  of  biofuel  production  facilities,  overall 
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water  requirements  for  energy  production  will  continue  to  increase.  Figure 
2  shows  the  10-year  change  in  water  use  by  thermoelectric  power.  The  data 
used  covers  the  10-year  period  between  1990  and  2000.  This  indicator 
measures  areas  where  50  percent  or  more  of  the  water  withdrawals  go  to¬ 
wards  energy  production.  (Note  that  5  percent  of  this  is  consumptive  use.) 
The  consumption  ratings  were  defined  as: 


Very  Low  Vulnerability 

(1): 

=0% 

Low  Vulnerability 

(2): 

>0  -  25% 

Moderate  Vulnerability 

(3): 

>25  -  50% 

Vulnerable 

(4): 

>5‘> "  75% 

High  Vulnerability 

(5): 

>75% 

At  the  time  of  this  writing,  twenty  new  commercial  nuclear  reactors  were 
in  planning  stages  (EIA  2009).  The  EIA’s  Annual  Energy  Outlook  projects 
a  net  increase  of  approximately  12  gigawatts  of  nuclear  capacity  coming  on 
line  through  2030.  In  addition,  approximately  100  coal-fired  power  gen¬ 
eration  plants  are  also  in  planning  stages,  although  coal  plants  use  about 
twenty  percent  less  water  for  cooling  purposes  than  nuclear.  If  new  power 
plants  are  constructed  with  todays  technologies,  water  use  for  power  gen¬ 
eration  could  more  than  double  by  2030,  from  3.3  billion  gallons  per  day 
(BCID)  in  1995  to  7.3  BGD.  Water  required  for  power  generation  may  com¬ 
pete  with  other  demands  such  as  agriculture  and  sanitation.  The  August 
2007  drought  in  the  Southeastern  United  States  caused  several  nuclear 
power  plants  to  reduce  their  output  by  up  to  50  percent  due  to  low  river 
levels  (IEEE  2009). 

Biofuels  also  carry  a  heavy  water  footprint.  The  demand  for  ethanol-based 
fuels  varies  with  the  price  of  oil.  At  the  peak  price  in  2008,  many  new 
ethanol  production  plants  were  in  planning  stages.  Not  all  of  those  plants 
were  constructed  with  the  drop  in  oil  price  since  then.  The  water  demand 
of  ethanol  production  varies  among  crops  and  regions.  Another  variable  is 
regional,  whether  crop  irrigation  is  a  required.  For  Midwest  corn-based 
ethanol,  it  takes  approximately  four  gallons  of  water  to  produce  a  gallon  of 
ethanol.  Researchers  recommend  seeking  optimal  production  regions  for 
each  crop  based  on  water  consumption  and  climate  data  (PNAS  2009). 

Changing  fuels  to  minimize  greenhouse  emissions  should  be  done  in  ways 
that  minimize  the  strain  placed  on  water  resources.  Renewable  energy 
technologies  have  varying  water  footprints.  There  are  also  concents  about 
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the  water  requirements  of  carbon  capture  technologies,  being  employed  to 
address  concerns  over  climate  change.  Without  careful  selection  of  tech¬ 
nologies,  solving  a  problem  in  one  sector  will  exacerbate  a  problem  in  an¬ 
other  (IEEE  2009).  A  Senate  bill,  S.  531  the  Energy  and  Water  Integration 
Act  of  2009,  was  introduced  to  help  deal  more  effectively  with  this  issue. 

2.2  Army  water  challenges 

The  greatest  water  challenge  for  the  Army  is  that  the  resource  supply  and 
demand  act  across  a  multiple  of  scales.  Watersheds  and  aquifers  cross  po¬ 
litical  boundaries  and  require  Federal,  state,  and  local  agencies  to  work 
cooperatively  in  addressing  water  problems.  Army  installations  represent 
just  a  fraction  of  regional  water  demand,  and  yet,  the  negative  impacts  of 
water  scarcity  and  degradation  will  be  borne  equally  by  all  users. 

The  complexity  of  water  compacts,  treaties,  and  agreements  is  another 
challenge  for  Army  installations.  Each  installation  is  subject  to  a  region- 
ally-unique  set  of  rules  that  determine  availability  of  water.  The  question 
of  who  owns  the  water— or,  if  water  belongs  to  the  public,  who  has  the  right 
to  use  it —is  an  issue  of  great  contention.  Laws,  customs,  and  traditions 
form  the  agreements  that  are  the  basis  for  water  allocation  law.  They  were 
developed  during  times  of  water  abundance.  The  Pacific  Institute  chroni¬ 
cled  a  5000-year  long  history  of  water  conflicts  and  it  Is  oft  repeated  that 
future  wars  will  be  fought  for  the  right  to  use  water  (Gleick  2008). 

Like  its  neighbors  outside  the  fence,  Army  installations  are  facing  huge 
challenges  due  to  aging  infrastructure.  The  historic  lack  of  water  meters 
makes  water  loss  assessment  a  difficult  task.  Two  Army  public  works  ini¬ 
tiatives,  utility  contract  operations  and  the  utility  metering  program,  have 
the  potential  to  support  water  conservation  efforts  by  reducing  water  loss 
and  identifying  end-uses.  It  is  critical  to  understand  where  water  is  being 
used  when  formulating  a  comprehensive  water  management  plan. 

Army  facilities  within  the  United  States  currently  enjoy  relatively  low  wa¬ 
ter  costs.  Throughout  the  United  States,  water  is  priced,  not  according  to 
its  value  as  a  precious  resource,  but  to  recover  the  costs  incurred  to  extract 
and  pump.  The  Army  is  not  eligible  for  any  special  rate  structure  and 
trends  toward  increases  in  pricing  are  being  seen.  According  to  the  Ameri¬ 
can  Water  Works  Association  2008  Water  and  Wastewater  Kate  Survey, 
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the  average  monthly  water  bill  for  an  “average"  customer  increased  by 
4.8  percent  annually  since  January  2006. '  For  those  communities  with 
block  rate  structures  for  residential  users,  the  shift  since  2006  has  been 
toward  increasing  block  rates,  that  is,  greater  water  use  incurs  a  higher 
rate  (AWWA  2009).  There  are  also  examples  of  decoupling  water  rates, 
that  is,  where  reducing  water  consumption  does  not  necessarily  result  in 
lower  cost.  This  ensures  that  utilities  can  continue  to  pay  the  operations 
and  maintenance  costs  of  the  water  supply  system. 

2.3  Federal  and  DOD  water  policy 

The  following  section  describes  policy  related  to  installation  water  man¬ 
agement.  More  detailed  information  about  the  evolution  of  Federal  water 
policy  is  contained  in  Chapter  3. 

2.3.1  Energy  Independence  and  Security  Act  of  2007  (EISA)  2007 

The  latest  water  efficiency  requirements  related  to  water  consumption  of 
Army  facilities  is  found  in  the  Energy  Independence  and  Security  Act  of 
2007  (EISA)  and  Executive  Order  13423.  Section  432  of  EISA  establishes  a 
framework  for  facility  project  management  and  benchmarking.  Under  this 
new  requirement.  Federal  agencies  must  identify  all  "covered  facilities" 
that  constitute  at  least  75  percent  of  the  agency's  facility  energy/water  use. 
Implementing  guidance  was  promulgated  through  DODI  4170.11  dated 
September  9,  2009,  echoing  the  requirements  of  the  EISA  2007  and  EPAct 
2005.  A  "covered  facility”  may  be  a  group  of  facilities  at  a  single  location, 
or  multiple  locations  managed  as  an  integrated  operation.  An  energy  man¬ 
ager  must  be  designated  for  each  covered  facility.  Each  facility  energy 
manager  will  be  responsible  for: 

1.  Completing  comprehensive  energy  and  water  evaluations  (including  re- 
/ retrocommissioning)  of  25  percent  of  covered  facilities  each  year. 

2.  I  mplementing  of  identified  energy  and  water  efficiency  measures,  where 
bundling  of  individual  measures  of  varying  paybacks  into  combined  pro¬ 
jects  Is  permitted. 

3.  Following  up  on  implemented  measures,  including  fully  commissioning 
equipment,  putting  in  place  operations  and  maintenance  (O&M)  plans, 
and  measuring  and  verifying  energy  and  water  savings. 


*  The  ’average*  customer  uses  7.480  gallons  per  month,  or  249  gallons  per  day. 
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2.3.2  Executive  Order  13423 

E.0. 13423,  Strengthening  Federal  Environmental,  Energy  and  Trans¬ 
portation  Management,  directs  each  agency  to  reduce  water  consumption 
intensity,  through  life-cycle  cost  effective  measures,  by  2  percent  annually 
through  the  end  of  the  FY15  relative  to  the  baseline  of  the  agency's  water 
consumption  in  FY07.  Total  water  reduction  is  16  percent  by  the  end  of 
FY15. 

2.3.3  Department  of  Energy  (DoE)  Supplemental  Guidance 

The  Federal  Energy'  Management  Program  (FEMP)  of  DOE  developed 
supplemental  guidance  to  help  achieve  the  water  goals  and  to  meet  the  re¬ 
porting  requirements  of  E.0. 13423  and  the  Instructions  for  Implementing 
Executive  Order  13423.  This  guidance,  Establishing  Baseline  and  Meeting 
Water  Conservation  Goals  of  Executive  Order  13423  was  developed  to  as¬ 
sist  in  the  interpretation  of,  and  ultimate  compliance  with,  E.0. 13423. 
Specifically,  three  key  elements  of  compliance  were  identified  and  pre¬ 
sented: 

1 .  Water  Use  Intensity  Baseline  Development.  Agencies  must  develop  a  wa¬ 
ter  use  intensity  baseline  (defined  as  gallons  per  grass  square  foot  of  facil¬ 
ity  space)  for  water  consumed  in  FY07.  All  future  reduction  goals  will  be 
measured  relative  to  this  baseline. 

2.  Reduction  of  Water  Use  Intensity.  Agencies  must  identify  and  implement 
life-cycle  cost-effective  water  savings  measures  to  achieve,  at  minimum,  a 
2  percent  annual  reduction  or  16  percent  overall  reduction  of  water  use  in¬ 
tensity  (gallons  per  total  gross  square  footage  of  facility  space)  in  agency 
facilities  by  the  end  of  FY15. 

3.  Reporting.  The  primary  requirement  is  to  report  to  the  Chairman  of  the 
Council  on  Environmental  Quality  according  to  a  schedule  and  format  as 
the  chairman  requires.  Until  that  has  been  issued,  reporting  procedures  in 
place  as  of  24  January  2007  shall  be  continued.  Therefore,  agencies  are  re¬ 
quired  to  continue  to  report  annual  water  use  in  million  gallons  and  facility 
gross  square  feet  (as  defined  below)  to  the  Department  of  Energy  that  will 
show  the  agency's  progress  towards  the  water  use  intensity  reduction  goal. 
(Beginning  in  the  2008  report,  DOE  is  amending  its  energy  data  report  to 
include  guidance  on  accurate  reporting  of  water  consumption  and  water 
use  intensity  reduction  data.) 
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This  document  provides  an  interpretation  of  E.0. 13423,  suggestions  for  a 
path  forward,  and  resources  for  additional  information  for  each  key  area 
contained  in  the  E.O. 

FEMP  also  includes  the  following  definitions  to  he  used  in  interpreting  the 
policy  of  E.0. 13423: 

•  Water  Use.  Water  use  is  defined  as  that  water  classified  as  "potable”  or 
permitted  for  human  consumption.  This  includes  water  obtained  from 
public  water  systems  or  from  natural  freshwater  sources  such  as  lakes, 
streams,  and  aquifers  for  example.  Water  use  may  include  potable  wa¬ 
ter  used  for  drinking,  bathing,  toilet  flushing,  laundry,  cleaning/food 
services,  landscape  watering,  irrigation,  and  process  applications  such 
as  cooling  towers,  boilers,  and  fire  suppression  systems. 

•  Facility  Gross  Square  Footage.  The  facility'  gross  square  footage  Is  the 
same  value  used  to  determine  the  energy  use  intensity  related  to  the 
agencies’  energy  reduction  goals.  The  facility  gross  square  footage  is 
used  to  calculate  the  water  use  intensity  (defined  below). 

•  Irrigated  Landscape.  Potable  water  used  for  landscape  irrigation  is  to 
be  reported  in  the  agency  total  water  use,  but  the  square  footage  of 
landscape  area  is  not  included  in  the  facility  gross  square  footage, 
which  is  used  to  calculate  water  use  intensity. 

•  Water  Use  Intensity.  Water  use  intensity  calculated  for  each  individual 
agency  is  defined  as  annual  water  use  divided  by  total  gross  square 
footage  of  facility  space  (as  defined  above)  reported  in  gallons  per 
square  foot.  Agencies  are  required  to  report  both  water  use  (in  million 
gallons)  and  facility  gross  square  footage  (in  thousand  square  feet)  in 
the  Department  of  Energy’s  energy  management  data  report.  Note  that 
the  water  use  intensity  will  be  used  to  assess  each  agency’s  progress 
toward  meeting  the  water  reduction  goal;  it  will  not  be  suitable  to  make 
comparisons  with  other  agencies  water  use  or  published  standards. 

•  Exemptions.  Exemptions  will  be  handled  on  a  case-by-case  basis.  The 
head  of  a  Federal  agency  may  request  an  exemption  for  specific  facili¬ 
ties  or  processes  using  the  procedures  outlined  in  Section  8  of  E.O. 
13423.  The  request  should  document  efforts  already  taken  to  reduce 
water  consumption  and/or  to  substitute  non-potable  water  for  potable 
water  uses  for  the  specified  facilities  or  processes.  All  cast-effective 
measures  should  have  been  considered  and  implemented  and  appro¬ 
priately  documented  as  part  of  the  request.  The  request  for  an  exemp- 
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tion  must  be  renewed  annually.  A  copy  of  the  current  exemption  is  to 
be  submitted  with  the  annual  data  report. 

Additionally,  best  management  practices  (BMPs)  were  originally  devel¬ 
oped  by  the  FEMP  Program  in  response  to  the  requirements  set  forth  in 
previous  E.0. 13123,  which  required  Federal  agencies  to  reduce  water  use 
through  cost-effective  water  efficiency  improvements.  In  response  to  E.O. 
13423  and  to  account  for  recent  changes  in  technology  in  water  use  pat¬ 
terns,  the  U.S.  Environmental  Protection  Agency's  (USEPA's)  Water  Sense 
Office  updated  the  original  BMPs.  The  updated  BMPs  were  developed  to 
help  agency  personnel  achieve  water  conservation  goals  of  E.0. 13423 

Additional  Army  guidance  is  found  in  Memorandum  DAIM-ZA,  Assistant 
Chief  of  Staff  for  Installation  Management  (ACSIM),  18  March  2003,  on 
the  Army  adoption  of  DOE’s  10  BMPs  for  developing  water  management 
plans,  increasing  public  awareness,  and  implementing  conservation  prac¬ 
tices.  The  Air  Force  Water  Conservation  Handbook,  the  handbook  refer¬ 
enced  in  the  memo,  Is  available  on  the  ACSIM  water  policy  web  site, 
http://army-energy.hqda.  pentagon.mil/policies/water_con.asp. 

2.3.4  Historical  Water  Policy 

The  requirements  in  the  ACSIM  memo,  and  in  Memorandum  HQ  IMCOM 
SFIM-OP-P,  21  Apr  2004,  "Army  Water  Conservation  Policy",  direct  Army 
installations  to  develop  water  management  plans.  These  plans  must  be  re¬ 
viewed  and  updated  periodically.  A  template  is  available  from  ACSIM  for 
help  with  developing  or  revising  a  water  management  plan.  The  goal  is  no 
longer  for  installations  to  develop  and  submit  four  of  the  10  BMPs,  as 
stated  in  the  IMCOM  memo,  but  to  use  as  many  BMPs  as  are  required  to 
achieve  the  mandatory'  water  conservation  intensity  goal  of  2  percent  an¬ 
nually. 

The  Pacific  Northwest  National  laboratory  (PNNL)  report,  Update  of 
Market  Assessment  for  Capturing  Water  Conservation  Opportunities  in 
the  Federal  Sector,  was  completed  for  FEMP  in  2005.  This  report  assesses 
the  water  conservation  potential  in  the  Federal  sector.  The  analysis  looks 
at  savings  potential  across  the  Federal  sector  based  on  a  life  cycle  cost 
analysis  of  basic  domestic  fixtures. 
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3  Water  Policy 

A  key  factor  affecting  the  availability’  of  water  for  Army  installations  is  the 
complex  set  of  laws,  agreements,  and  policies  that  regulate  water  rights. 
Often  historic  in  origin,  water  rights  can  prevent  access  to  local  water  by 
local  users.  Equally  challenging  is  the  regional  nature  of  water  as  a  re¬ 
source  coupled  with  the  extra-regional  influences.  For  example,  the  re¬ 
charge  zone  of  an  aquifer  can  be  hundreds  of  miles  from  the  aquifer  itself. 
Likewise,  headwaters  of  major  tributaries  are  far  removed  from  the  users 
hundreds  of  miles  downstream.  And  yet.  laws,  actions,  and  conditions  out¬ 
side  of  the  withdrawal  zone  have  a  direct  impact  on  availability  of  water  to 
local  users. 

The  following  section  describes  water  policy  and  law  as  it  affects  Army  in¬ 
stallations.  Policy  is  discussed  as  it  applies  to  water  basins  and  to  states. 
There  is  a  listing  of  relevant  policies  by  basin  and  state  in  several  tables. 
There  is  also  a  discussion  of  the  concept  of  Total  Water  Management 
(TWM),  a  systems  approach  to  achieving  water  sustainability.  TWM  con¬ 
siders  drinking,  sanitary,  and  stormwater  systems  together  to  work  toward 
a  sustainable  water  supply. 

3.1  Water  policy  impacts  on  Army  installations 

3.1.1  Regional  and  installation  water  trends 

Disputes  over  water  have  long  been  common.  The  Colorado  River  was  the 
first  apportioned  in  1922,  after  years  of  interstate  battling.  In  recent  dec¬ 
ades,  as  populations  have  risen,  similar  conflicts  have  developed  in  the 
East.  Maryland  and  Virginia  tight  over  the  Potomac;  South  Carolina 
squares  off  against  North  Carolina  over  the  Pee  Dee  River;  and  against 
Georgia  over  the  Savannah  River;  and,  in  what  is  perhaps  the  most  conten¬ 
tious  of  these  battles,  Alabama,  Florida,  and  Georgia  clash  over  the  waters 
of  the  Apalachicola-Chattahoochee-Flint  river  basin.  Competing  demands 
include  booming  cities,  agriculture,  industry,  environmental  protection, 
fisheries,  power  generation,  navigation,  and  a  hast  of  other  human  and 
non-human  uses.  The  management  of  water  resources  requires  systems 
thinking,  is  increasingly  complex,  and  faces  numerous  obstacles. 
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As  conflicts  continue  to  grow,  installations  are  likely  to  find  themselves  faced 
with  situations  in  which  their  water  needs  cannot  be  met  by  tire  local  water 
supply.  Thus,  managers  are  searching  for  integrated  solutions  to  sustainably 
mange  water  resources. 

Today's  water  conditions  are  far  from  these  lg**1  century's  characteriza¬ 
tions  where  water  policy  entailed  cooperative  irrigation  compacts  in  the 
arid  West  that  were  unnecessary  in  the  East.  Today,  water  scarcity  and  in¬ 
terstate  conflicts  have  become  major  challenges  for  both  the  East  and 
West.  Growing  populations,  agriculture,  and  industry  have  pumped  so 
much  water  that  now  even  the  water-rich  states  face  shortages  and  con¬ 
flicts. 

Today's  water  polity  is  locally  unique.  States  and  local  governments  domi¬ 
nate  water  control.  It  is  appropriate  to  characterize  national  water  policy’ 
at  the  basin  level  because  basins  tend  to  share  common  concerns  and 
trends  (Figure  3).  This  section  highlights  the  national  history  of  water  pol¬ 
icy,  generalizes  state  policies,  and  discusses  basin-level  compacts.  (Cau¬ 
tion— any  decision  relevant  to  a  specific  watershed  or  location  should  al¬ 
ways  be  informed  by  local  jurisdictions.) 


Figure  3.  Water  basin  regions  of  the  United  States  {source:  USGS 
1990  Water  Rights  of  the  Fifty  States  and  Territories/ 
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3.1.2  Federal  water  policy  and  the  Impacts  to  Army  Installations 

For  the  most  part,  water  rights  are  a  matter  of  state  (not  Federal)  law.  The 
Federal  government  has  left  the  creation,  definition,  and  control  of  private 
water  rights  to  the  states.  Nevertheless,  the  Federal  government  has  con¬ 
siderable  power  over  water  through  its  power  to  regulate  water,  and 
through  the  Federal  reserved  water  rights  doctrine. 

Through  its  power  to  regulate  navigation  and  interstate  commerce  under 
the  commerce  clause  of  the  Constitution,  the  Federal  government  has 
paramount  and  virtually  limitless  control  over  surface  and  groundwater' 
use.  By  direct  application  of  this  power,  Congress  could,  if  it  chose,  appor¬ 
tion  the  waters  of  interstate  streams  among  states.  Congress  has  appor¬ 
tioned  interstate  waters  only  twice.  In  the  Boulder  Canyon  Project  Act  of 
1928,  Congress  divided  half  of  the  flow  of  the  Colorado  River  among  Ari¬ 
zona,  California,  and  Nevada  (Public-No.  642-7<>,h  Congress,  H.R.  5773). 

In  1990,  Congress  apportioned  the  waters  of  the  Truckee  and  Carson  riv¬ 
ers  and  Lake  Tahoe  between  California  and  Nevada  (Public  Law  101-618). 

The  more  frequently  used  power  is  the  Federal  reserved  water  rights  doc¬ 
trine,  which  holds  that  when  the  United  States  sets  aside  or  reserves  public 
land  for  uses  such  as  Indian  reservations,  military  reservations,  national 
parks,  forests,  or  monuments,  it  also  implicitly  reserves  sufficient  water  to 
satisfy  the  purpose  for  which  the  reservation  was  created.  Furthermore, 
Federal  reserved  water  rights  exist  outside  of  the  state  water  rights  system. 
They  need  not  fulfill  the  beneficial  use  requirement  and  are  not  subject  to 
forfeiture  or  abandonment  for  nonuse.  The  precedent-setting  case  for  the 
Federal  reserved  water  rights  doctrine  is  Winters  v.  United  States  (1908). 
In  this  case,  the  U.S.  Supreme  Court  found  that  when  the  Federal  govern¬ 
ment  created  Indian  reservations,  water  rights  were  reserved  in  sufficient 
quantify  to  meet  the  purposes  for  which  the  reservation  was  established. 

When  Winters  was  decided  at  the  turn  of  the  century,  no  one  paid  much 
attention.  By  the  1960s  everyone  was  paying  attention.  The  Winters  deci- 


•  The  U.S.  Supreme  Court  asserted  a  Federal  interest  in  state  groundwater  management  in  Sporbase  v. 
Nebraska  e*  ret  Douglas  ( 1983i.  The  Supreme  Court  hew  groundwater  to  be  an  art^te  and  oonvnerce 
so  that  state  statutes  prohibiting  the  interstate  transport  of  groundwater  were  >aegal  because  they  Mo 
lated  the  commerce  clause.  FYior  to  Sporhase.  it  was  assumed  that  states  had  absolute  ownership  and 
control  over  thet  groundwater.  In  its  decision,  the  Court  called  state  ownership  of  groundwater  "legal 
fiotion.* 
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sion  threatened  to  drastically  reorder  the  existing  priority  system  on  many 
western  streams.  Indian  reservations  had  effectively  moved  to  the  front  of 
the  seniority  line,  with  a  right  to  potentially  large  amounts  of  water.  Con¬ 
sequently,  much  contlict  arose  regarding  the  quantification  and  use  of 
such  rights.  The  decision  that  made  established  water  users  stand  up  and 
take  notice  was  Arizona  v.  California  (1963).  This  case  reaffirmed  the  U.S. 
Supreme  Court’s  decision  in  Winters  and  expanded  the  reserved-rights 
doctrine  in  two  ways.  First,  it  allowed  for  reserved  rights  to  apply  to  other 
Federal  lands  including  water  uses  in  national  forests,  national  parks  and 
monuments,  and  military  reservations.  Second,  it  allowed  for  a  change  of 
the  uses,  as  long  as  the  new  use  was  not  more  consumptive  than  the  origi¬ 
nal  use  for  which  the  reserved  rights  were  made. 

Meanwhile,  Congress  and  the  Federal  courts  have  limited  Federal  reserved 
water  rights  and  returned  substantial  water  management  power  to  the 
states.  The  McCarren  Amendment  (1952)  requires  that  the  Federal  gov¬ 
ernment  waive  its  sovereign  immunity  in  cases  involving  the  general  adju¬ 
dication  of  water  rights— recognizing  that  the  exemption  of  the  Federal 
government  from  these  adjudications  would  undermine  the  state's  water 
allocation  systems.  Therefore,  any  Federal  agency  claiming  a  Federal  re¬ 
served  water  right  must  participate  in  the  state's  adjudication  process.  In 
Cappaert  v.  United  States  (1976)*  the  Court  ruled  that  Federal  reserved 
water  rights  were  limited  to  the  primary  purpose  of  the  reservation  and 
only  to  the  minimum  amount  of  water  necessary  to  fulfill  the  puq>ose  of 
the  reservation.  In  United  States  v.  New  Mexico  (1978),  the  Court  found 
that  the  reserved  water  rights  on  national  forests  apply  only  to  the  preser¬ 
vation  of  timber  resources  and  water  flows.  National  forests  are  not  re¬ 
served  for  aesthetic,  environmental,  recreation,  or  wildlife  preservation 
and  any  claimed  water  needs  for  these  purposes  would  have  to  obtain  the 
rights  like  any  other  appropriator  under  state  law. 

These  rulings  have  narrowed  the  scope  of  the  Winter's  Doctrine.  Yet  there 
are  still  many  other  Federal  statues  and  activities  that  directly  and  indi¬ 
rectly  affect  water  resources.  For  example,  the  U.S.  Energy  Independence 
and  Security  Act  of  2007,  H.R.  6  (EISA  2007)  and  Executive  Order  13423 
are  the  latest  water  efficiency  requirements  that  Army  facilities  must  meet. 
The  Wild  and  Scenic  Rivers  Act  (1962)  is  intended  to  preserve  streams  in 
their  pristine  condition.  The  Coastal  Zone  Management  Act  (1972)  man¬ 
ages  the  densely  populated  coasts.  The  Endangered  Species  Act  (1973)  ap- 
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plies  to  water  habitats.  The  Federal  government  has  also  passed  important 
environmental  legislation  dealing  with  water  quality,  drinking  water  stan¬ 
dards,  and  the  handling  of  toxic  and  hazardous  waste— all  of  which  affect 
water  resources. 

The  amount  of  water  reserved  for  military  installations  is  not  unlimited. 
Rather,  Federal  reservations  are  guaranteed  only  that  amount  of  water 
necessary  to  fulfill  the  puq»ose  of  the  reservation.  To  determine  the 
amount  of  water  reserved,  courts  examine  the  asserted  water  rights  and 
the  specific  purposes  for  which  the  land  was  reserved.  In  other  words,  how 
much  water  is  being  sought,  for  what  purpose,  and  is  that  purpose  consis¬ 
tent  with  the  reason  the  reservation  was  created? 

In  November  1995,  the  Deputy  Assistant  Secretary  of  the  Army  (Installa¬ 
tions  and  Housing)  and  Deputy  General  Counsel  (Civil  Works  and  Envi¬ 
ronment)  issued  policy  guidance  for  maintaining  water  rights  at  Army  in¬ 
stallations  (Johnson  and  Stockdale  1995).  This  guidance  provides  a  logical 
framework  for  responsible  staff  elements  to  track  water  rights  issues.  Ac¬ 
cording  to  the  introductory  memorandum,  the  guidance  was  badly  needed 
because  attorneys  and  engineers  at  some  Federal  installations  were  woe¬ 
fully  ignorant  of  the  importance  of  maintaining  records  to  protect  water 
rights.  Under  the  guidance: 

...  the  Army  will  comply  with  the  applicable  laws  of  the  States  pertaining 
to  the  use  of  water  when  they  are  consistent  with  Federal  law  and  mili¬ 
tary  requirements.  The  guidance  also  emphasizes  close  coordination  with 
major  commands  and  the  Environmental  Law  Division.  Installations  are 
directed  to  notify  states  when  new  uses  of  water  are  pursued  under  Fed¬ 
eral  reserved  rights  and  to  apply  for  water  rights  when  water  in  excess  of 
a  judicially  quantified  Federal  water  right  is  required.  On  acquired  land, 
installations  are  urged  to  apply  for  water  rights  under  state  law  unless  the 
process  will  adversely  affect  the  Army's  ability  to  perform  its  mission  or 
the  state  fails  to  recognize  valid  existing  water  rights.  In  emergencies,  the 
guidance  suggests  that  purchase  of  water  rights  or  condemnation  is  op¬ 
tions  to  explore.  The  guidance  also  urges  commanders  to  ensure  that  de¬ 
tailed  and  accurate  water  rights  records  are  kept  by  the  responsible  offi¬ 
cers  on  the  installations. 

Dept,  of  the  Army  Pamphlet  27-50-287, 

Maintaining  Federal  Water  Rights  in  the  Western  United  States 
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In  general,  the  guidance  emphasizes  an  approach  that  accounts  for  the 
needs  of  states  and  other  appropriators,  but  recognizes  that  the  needs  of 
national  defense  must  be  superior.  The  military's  needs  for  water  should 
always  be  met.  However,  the  success  of  the  military's  water  maintenance 
programs  depends  on  careful  management.  Western  neighbors  jealously 
view  the  Army's  abundant  supplies  of  water.  Close  coordination  and  care¬ 
ful  recordkeeping  within  the  Army,  as  urged  in  the  Army's  recent  policy 
guidance,  can  be  the  key  to  long-term  success.  Availability  of  water  must 
not  be  taken  for  granted.  Thus,  the  Army  has  set  forth  policy  to  reduce  wa¬ 
ter  use  through  cost-effective  water  efficiency  improvements. 

All  Army  installations  are  required  to  prepare  comprehensive  water  man¬ 
agement  plans  which  must  be  reviewed  and  updated  periodically.  EISA 
2007  and  EPAct  2005/EO  13423  are  the  latest  water  efficiency  require¬ 
ments  that  Army  facilities  must  meet.  EISA  establishes  a  framework  for 
facility  project  management  and  benchmarking.  Under  this  new  require¬ 
ment,  Federal  agencies  must  identity  all  “covered  facilities"  that  constitute 
at  least  75  percent  of  the  agency's  facility”  energy/water  use  and  identity  an 
energy  manager  for  each.  Each  facility'  energy  manager  will  be  responsible 
for: 

1.  Completing  comprehensive  energy  and  water  evaluations  of  25  percent  of 
covered  facilities  each  year; 

2.  I  mplementing  identified  energy  and  water  efficiency  measures;  bundling 
of  individual  measures  of  varying  paybacks  into  combined  projects  is  per¬ 
mitted;  and, 

3.  following  up  on  implemented  measures,  including  fully  commissioning 
equipment,  putting  in  place  O&M  plans,  and  measuring  and  verifying  en¬ 
ergy  and  water  savings. 

EPAct  2005/EO  13423  directs  each  agency  to  use  as  many  BMPs  required 
to  achieve  the  mandatory  water  conservation  intensity'  (efficiency)  goal  of 
2  percent  annually  beginning  in  FY08  through  FY15  or  16  percent  total  by 
FY15.  BMPs  were  originally  developed  by  the  Department  of  Energy  FEMP 
in  response  to  EO  13123.  Today  FEMP  funds  a  series  of  repo  its  (PNNL 
2005)  that  assess  the  water  conservation  potential  in  the  Federal  sector. 
These  analyses  look  at  the  savings  potential  across  the  Federal  sector 
based  on  a  life  cycle  cost  analysis. 
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Additionally,  the  Army  Water  Conservation  Plan  identifies  metering  as 
critical  to  monitoring  the  impact  of  attempted  improvements.  All  new 
military  projects  are  provided  with  water  meters.  Faucets,  flush  valves, 
showerheads,  toilets  and  urinals  in  new  projects  are  the  low  flow  type  and 
used  at  appropriate  locations,  in  accordance  with  Army  standards. 

This  and  additional  material  concerning  Army  water  policy  may  be  ex¬ 
tracted  from  the  ACS1M  web  site: 

nnp:.'/wiwj\fmv-gnefi:t.hQqa.c^ntagon.mll/pollcl&s/ft3ter  con-asp 

and  the  FEMP  web  site: 

mp://wfcwl.eeie.energt-gov/fefflp/water.'|watet  fediequne.html 

3.1.3  State  and  regional  water  policies 

For  the  most  part,  water  rights  are  a  matter  of  state  law.  The  Federal  gov¬ 
ernment  has  left  the  creation,  definition,  and  control  of  private  water 
rights  to  the  states.  This  accounts  for  the  great  diversity  of  water  rights 
systems— each  of  the  50  states  and  each  territory  is  free  to  develop  its  own 
system  of  water  rights.  Generally,  states  have  adopted  either  a  riparian  or 
appropriation  doctrine  to  address  surface  waters  and  rely  on  a  doctrine  of 
absolute  ownership,  reasonable  use,  or  appropriations  for  groundwater 
regulation. 

3.2.3.1  Stare  water /aw 

While  riparian  and  appropriation  are  the  basic  surface  water  doctrines, 
they  should  be  viewed  as  templates  from  which  each  state  has  fashioned 
its  own  laws.  Riparian  law  developed  in  the  humid  eastern  states  where 
water  was  abundant.  The  appropriation  doctrine  is  found  in  western  states 
and  developed  in  response  to  the  dry  conditions.  Some  states  (California, 
Iowa,  Mississippi,  Florida,  and  Hawaii)  have  mixed  doctrines. 

The  origin  of  riparian  law  is  English  common  law  brought  over  with  the 
colonists  to  America.  The  riparian  doctrine  says  that  the  right  to  water  be¬ 
longs  to  those  who  own  land  that  touches  the  stream  or  lake.  It  does  not 
matter  how  much  of  the  land  touches  the  water  body,  nor  is  it  necessary  to 
own  any  portion  of  the  bed,  stream,  or  lake— just  that  a  property  is  adja¬ 
cent  to  it.  Since  the  water  right  is  incident  to  the  ownership  of  land,  a  land 
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owner  can  never  lose  the  right  so  long  as  they  own  the  land.  The  use  of  wa¬ 
ter  by  a  non-riparian  land  owner  is  illegal  (USGS  1990). 

Appropriation  doctrine  is  the  water  law  in  17  states.  The  appropriations 
doctrine  originated  in  the  mining  camps  of  California.  Two  fundamental 
rules  developed  by  the  miners  were  "first  in  time,  first  in  right,”  and  "use  it 
or  lose  it.”  The  first  rule  says  if  you  are  the  first  person  to  stake  a  claim,  the 
claim  is  yours  alone  to  work.  The  second  rule  limited  speculation.  A  miner 
had  to  actively  work  his  claim  (USGS  1990).  The  appropriation  doctrine 
allocates  water  rights  on  a  temporal  basis— first  in  time,  first  in  right.  The 
first  person  to  appropriate  water  from  a  stream  has  the  most  senior  water 
right.  The  next  person  to  make  an  appropriation  has  the  next-most  senior 
right,  and  so  on.  When  water  supply  is  limited,  appropriators  are  cut  off 
from  the  stream  in  inverse  order  of  priority.  This  means  the  most  junior 
right  is  cut  off  first.  Appropriators  obtain  a  right  to  a  fixed  quantity  of  wa¬ 
ter  through  a  permit. 

Figure  -j  details  state  surface 
water  doctrines.  The  mixture 
of  legal  doctrines  in  the  Plains 
reflects  the  transitional  cli¬ 
mate,  whereas  in  the  remain¬ 
ing  mixed  doctrine  states,  ri¬ 
parian  rights  are  the  older 
rights  and  the  states  have 
transitioned  to  an  appropria¬ 
tions  doctrine  within  the  last 
century.  The  flow  of  ground- 
water,  on  the  other  hand,  is 
difficult,  if  not  impossible,  to 
observe— making  it  more 
challenging  to  understand 
and  manage  than  surface  wa¬ 
ter.  This  is  evident  in  the 
number  of  state  groundwater 

laws  that  completely  ignore  the  reality  of  hydrologic  interconnections  be¬ 
tween  groundwater  and  surface  water  (Thompson  1999). 


V  , 


0  Appropriation  Doctrine 

□  Reasonable  Use  Doctrine 

2  Absolute  Ownership  Doctrine 

□  Mixed  Doctrine 

Figure  4.  State  surface  water  doctrines. 
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Within  the  three  basic  groundwater  doctrines,  absolute  ownership  means 
each  landowner  has  unlimited  right  to  pump  and  use  groundwater.  The 
water  can  be  used  anywhere  and  is  not  restricted  to  the  overlying  land.  In 
other  words,  the  biggest  pump  wins.  Landowners  have  an  unlimited  right 
to  interfere  with  their  neighbor's  use  of  the  resource  and  vice  versa.  The 
doctrine  of  reasonable  use  developed  in  response  to  the  excesses  of  abso¬ 
lute  ownership.  Here,  the  landowner  is  viewed  as  having  the  right  to  make 
any  reasonable  use  of  groundwater  on  the  overlying  land,  even  if  it  causes 
injur)'  to  others.  Finally,  appropriation  for  groundwater  operates  the  same 
as  for  surface  water,  and  as  with  surface  water  it  is  mainly  a  western  doc¬ 
trine.  It  is  the  seniority-based  system  or  permitting  system  (USGS  1990). 

Figures  details  state  groundwater  doctrines.  Mixed  doctrine  states  have  typi¬ 
cally  developed  different  regulations  for  percolating  groundwater  and  under¬ 
ground  streams.  The  data  in  Table  1  were  adopted  from  the  USGS  report  Wa¬ 
ter  Rights  of  the  Fifty  States  and  Territories  published  in  1990.  This  updated 
table  summarizes  water  policy  and  administering  agencies. 

Today,  states  increasingly  estab¬ 
lish  commissions  and  agencies 
to  address  specific  water  issues 
and  influence  new  policy  deci¬ 
sions.  For  example,  the  Ohio 
Lake  Erie  Commission  is  a  coali¬ 
tion  of  state  agencies  established 
in  1990  to  preserve  Lake  Erie's 
natural  resources,  enhance  the 
quality  of  its  waters  and  ecosys¬ 
tem,  and  promote  economic  de¬ 
velopment.  In  2007,  the  Mary¬ 
land  general  assembly  appointed 
the  Oyster  Advisory  Commission 
to  work  jointly  with  other  state 
agencies  on  an  aggressive  oyster 

restoration  plan.  In  2008.  the  North  Carolina  general  assembly  Filed  a  wa¬ 
ter  conservation  bill  (S1879  Drought /Water  Management  Recommenda¬ 
tions).  Many  examples  exist.  Yet  difficulty  arises  from  the  fact  that  waters 
are  not  contained  within  state  boundaries.  Interstate  conflicts  are  a  major 
challenge.  For  this,  states  have  entered  into  agreements  with  each  other 
and  private  organizations  have  formed  to  help  address  the  problems. 


®  AppropiMon  Docine 
Riparian  Cectnre 
□  Mxed  Dolma 


Figure  5.  State  groundwater  doctrines. 
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3.1.3. 2  Interstate  compacts 

The  most  common  way  that  states  address  water  problems  that  extend  be¬ 
yond  state  lines  is  through  interstate  compacts.  The  authority  of  states  to 
compact  with  one  another  comes  from  the  Compact  Clause  of  the  Constitu¬ 
tion.  When  an  interstate  agreement  implicates  Federal  interest,  the  Compact 
Clause  requires  Congressional  approval.  Congressional  approval  is  required 
because  interstate  water  conflicts  invariably  affect  Federal  interests.  The 
compact  process  typically  begins  with  Congressional  approval  for  the  states  to 
negotiate.  After  negotiating,  the  participating  states  pass  identical  legislation 
signifying  their  agreement  on  the  compact's  terms,  purpose,  and  policies.  The 
compact  takes  effect  and  becomes  Federal  law  when  Congress  ratifies  it  by 
statue.  As  such,  it  takes  precedence  over  contrary  Federal  common  law  or 
state  law.  Apart  from  requiring  congressional  consent,  the  Constitution  places 
no  limits  on  what  may  be  done  through  an  interstate  compact. 

Currently,  there  are  23  water  allocation  compacts  on  Western  streams,  17  pol¬ 
lution/regulatory  compacts  within  the  Eastern  states,  and  5  planning/flood 
control  compacts  on  Eastern  rivers  (USGS  1990;  Thompson  1999).  Compacts 
in  the  West  are  often  created  in  response  to  water  shortages  in  particular  in¬ 
terstate  basins  and  are  generally  focused  on  water  allocation  issues.  A  differ¬ 
ent  experience  has  governed  the  Eastern  states’  development  of  interstate  wa¬ 
ter  compacts.  Many  assume  a  rather  restrictive  view  of  the  functions  sought  to 
be  accomplished  and  require  only  the  exchange  of  information  or  state-to- 
state  consultations  on  common  problems  such  as  pollution,  flood,  and  urban 
development. 

Water  allocation  compacts  divide  the  waters  using  either  storage  allocation  or 
flow  allocation  procedures.  Storage  allocation  allows  the  upper  basin  state(s) 
to  store  a  certain  amount  of  water  for  later  use.  This  type  of  allocation  is  easy 
to  monitor  and  enforce  because  reservoir  storage  is  open  and  visible.  Flow  al¬ 
location  is  more  complex.  States  have  used  hydrologic  models,  percentage  of 
total  flow,  and  guaranteed  quantities  of  flow  as  methods  for  dividing  the  wa¬ 
ters.  Each  method  has  limitations  in  terms  of  enforcement,  and  they  differ  in 
how  the  risk  of  shortage  is  shared  between  the  states. 

Before  passage  of  Federal  water  quality'  legislation,  interstate  water  quality 
disputes  were  resolved  in  court  through  nuisance  lawsuits  or  by  interstate 
compacts.  There  are  five  interstate  pollution  control  compacts  between  East¬ 
ern  states.  While  the  purposes  of  pollution  control  compacts  have  largely  been 
superseded  by  the  Federal  Clean  Water  Act  (1972),  they  still  provide  useful 
examples  of  how  states  coordinate  and  manage  waters  on  a  basin-wide  scale. 
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Table  2  lists  the  water-related  interstate  compacts  in  the  United  States.  Note 
that  each  state  has  a  number  of  active  organizations  addressing  water  in  a  re¬ 
search  and  advisor>'  capacity.  A  number  of  private  organizations  that  aid  and 
advise  interstate  compacts  will  often  support  basin-wide  water  resource  man¬ 
agement,  for  example: 

•  American  Water  Works  Association  (AWWA)  Water  Rights  Committee, 
wwi.awa.ofg/ 

•  American  Water  Resources  Association  (AWRA).  mw.awa  mg..1 

•  American  Rivers,  ww-amencamiteisng,’ 

•  Instate  Council  on  Water  Policy,  ww.iop.ofg/ 

•  Western  Governor's  Association,  www.we5tgov.org.’ 

•  Western  Progress,  w«w..«iefnprogiess. mr/ 

•  U.S.  Commission  on  Ocean  Policy,  www.oceancofnmission.eo./ 

•  Great  Lakes  Environmental  Law  Center,  www.greatiafce5iaw.cra/ 

•  Association  of  Metropolitan  Water  Agencies,  »ww.amv.a.net/ 

•  National  /Association  of  Clean  Water  Agencies,  wnw.amsa  tiaannai&f.ofg/ 

•  Water  Utility  Climate  Alliance 

•  Pacific  Institute,  www.paonstofa/ 

•  Oasis  Design,  www.oaa sdesign.net/ 

•  Chesapeake  Bay  Foundation,  ww.cbt.ofg/ 

3.2  Total  Water  Management  (TWM)* 

Total  water  management  (TWM)  takes  a  systems  approach  to  the  manage¬ 
ment  of  water  resources.  Traditional  approaches  to  water  management  tend 
towards  segmentation:  supply  and  demand-side  issues  are  considered  in 
complete  isolation;  drinking,  sanitary,  and  stormwater  systems  are  wholly 
separate;  water  districts  within  the  same  watershed  operate  entirely  inde¬ 
pendently;  and.  land  use  decisions  are  made  without  any  consideration  of  wa¬ 
ter  resources.  Compartmentalization  leads  to  inefficient  water  management 
that  cannot  address  the  challenges  faced  by  the  water  industry.  The  TWM  ap¬ 
proach  responds  to  these  inadequacies  by  developing  a  highly  integrated  wa¬ 
ter  management  system.  This  approach  to  managing  water  resources  can  help 
Army  installations  to  economically  meet  their  own  water  needs  and  the  re¬ 
quirements  of  E.0. 13423. 


•  Unless  otherwise  noted.  Has  section  interprets  information  regarding  total  *ater  management  and  *ite- 
grbted  water  resources  management  id  highly  similar  approach |  from  Chesnutl  et  al.  2007:  Gtabai  Water 
Partnership  2009.  Grrgg,  2008:  and  Patwartfian  et  al.  2007. 


Table  2.  Water-related  Interstate  compacts. 
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Apportions  percentage  of  flow  for  pcetconv 
pact  uses 

Big  Blue  River  Compact 

Bg  BueRive* 

KS.NE 

1971 

Apportions  postccmpact  use  in  NE  to  prov.de 
minimum  flow  to  KS 

Yellowstone  River  Compact 

Yetowstore  Rher 

MT.ND.WY 

1950 

Apportions  percentage  of  flow  for  pottcom- 
pact  uses 

Republican  Rher  Corrpact 

Republican  Rher 

CO.  KS,  NE 

1943 

Establishes  commission  to  apportion  waters 

Scuth  Ratte  River  Compact 

South  Platte  River 

CO.  NE 

1923 

Apportions  fixed  quantity 

Ipper  Niobrara  Rher  Compact 

Upper  Niobrara 

River 

NE.  WY 

1962 

Apportions  storage  limitations 

Upper  Colorado 

Ipper  Colorado  River  Basin  Ccmpact 

Colorado  River 

CO.  NM.  UT.  WY 

1948 

Establishes  commission  to  apportion  waters 

Upper  Coorado  Rher  Basin  Compact 

Animas  Rher  a  rP 

La  Plata  Rher 

CO.  NM 

m 

Apportions  storage  rights  to  Colorado  and 

New  Mexico  frem  the  la  Plata  and  Animas 
rher  systems 

La  Pata  Rher  Corrpact 

La  Plata  River 

CO.  NM 

1922 

Equitable  apportionment 

Leaver  Colorado 

Rio  Grande 

Pecos  River  Compact 

Peoas  Rher 

NM.  TX 

1949 

Apportions  tow  based  on  hydrologic  model 

RSo  Grande  Interstate  Ccmpact 

Ro  Grande  River 

CO.  NM.  TX 

1938 

Apportions  Her*  based  on  hydrologic  model 

TexasGulf 

Sabine  Rher  Compact 

Sabine  Rher 

IATX 

1953. 1992 

Apportions  flow 

ArkansasWiie- 

Red 

Red  River  Compact 

Red  River 

LAAR.  OK.  TX 

1978 

D*ided  irrtofhe  reaches;  Apportions  per¬ 
centage  within  each  reach 

Arkansas  Compact 


Water  Body 

Arkansas  River 


(Kansas  Ok.atuyna)A/karrsas  River 
Compact 

Arkansas  River 

(Arkansas  (>^hcma)  Arkansas  River 
Compact 

Arkansas  River 

Canadian  River  Compact 

Canadian  River 

Ceetfra  Creek  Cempact 

Camilla  Creek 

Souris  Red  Rarr/ 

Upper  Mississippi 

Minnesota-Waccnsin  Boundary  Waters 
Compact 

Mississippi  River 
and  SL  QoU  River 

Upper  Mississippi  River  Basin  Assoc  ia 
tion 

Mississippi  River 

Leaver  Mt&issipp 

Alabama  Coosa-Talapoosa  River  Basin 
Compact 

AlabamaOoosa- 
Tallapocsa  Bisin 

Great  Lakes 

Great  Lakes  Basin  Compact 

Great  Lakes 

Ohio 

Onk>  River  Basin  Commas*  co 

Ohio  R*ver 

Wabash  Valley  Compact 

Wabash  River 

Wheeling  Creek  Watersried  Protecfcon 
and  Rood  Prevention  District  Compact 

Wheeing  Creek 

anio  River  Vale/  Water  Sanitation 
Compact 

Ohio  River 

Pyrnatunirg  Reservoir  Compact 

pynatunngLake 

Water  Basin  Regon 

Compact/Treaty 

Water  Body 

Tennessee 

Tennessee  River  Basin  Water  Pollution 
Contrct  Compact 

Tennessee  River 

Tervressee-TomOigLee  Wa ter  way  De 
veep  merit  Compact 

Tennessee  River ; 
Tombgbee  River 

States 

Year 

Reeulatton 

KS.CO 

1949 

Apportion  maximum  dn-ras  from  the  Jo bn 
Martin  Reservoir 

KS.CK 

1965 

Apportions  storage  limitations 

AR.OK 

1970. 1972 

Apportions  percentage  of  flow 

OK  NM.  TX 

1950 

Apportions  storage  limitations 

IfEEIK 

1944. 1963 

Detai'ed  priority  of  individual  water  r^ts 

MN.  W1 

Withdrawn  n  1999 

Wl.  MO.  MN.  IA.  IL  IN 

1981 

— 

ALGA 

1997 

Equitable  apportionment 

IL  IN.  Ml.  NY.  OH.  PA. 
WLMN 

Establishes  commission  to  advise  polcy 

KY.  MD.VA.WV 

1981 

EstablEshes  commission  to  coordinate  activi¬ 
ties 

IN.  IL 

1959 

Establ&hes  commission  to  coordinate  activi- 

tesard  ccsts 

PA.  WV 

1967 

Establ&hes  commission  to  coordinate  activi¬ 
ties  and  ccsts 

NY.  IL  KY.  IN.  OH.  WV 

1940 

Establ&hcs  commission  to  advise  pollution 
policy 

OH.  PA 

2004 

Established  commission  to  regulate  use 

States 

Year 

Regulation 

KY.  TN 

1958.2X0 

Establishes  commission  to  advise  pollution 
policy 

AL  KY.  MS.  TN 


1984 


EstablEshed  commisson  to  promote  eoo 
nomic  and  trade  potential 


South  AiaritGidf  Apa^luctfaCnauahoochee-f ini 


Water  BMy 


South  AUantoGulf  Apa,achicdaChattahoochee-F int 

Apelachcoa 

DiatlalwJeeniir. 

Basin 

Mid  Atlantic 

Delaware  River  Basin  Compact 

Delaware  River 

Delaware  New  Jersey  Compact 

Delaware  River 

Susquehanna  R<ver  Basin  Compact 

Susquehanna  Rf»er 

Potomac  River  Basin  Compact 

Pctomac  River 

Potomac  River  Low  Flow  Allocation 
Agreement 

Pctomac  River 

Chesapeake  Bay  Basin  Corps ct 

Chesapeake  Bay 

New  York  Harbor  interstate  Sanitaticn 

Corpact 

New  York  Harbor 

Appalachian  States  Low-Level  Radioac- 
tr.e  Waste  Corpact 

New’Engand 

Connecticut  River  Compel 

Connecticut  River 

Merrimack  River  Flood  Ccnlroi  Com¬ 
pact 

Merrimack  River 

Thames  River  Flood  Control  Corpact 

Thames  Rher 

Connecticut  River  Ftocd  Control  Com¬ 
pact 

Connecticut  River 

New  England  Interstate  Water  Pollution 
Control  Corpact 

— 

Alaska 

Hawai 

Mul^Basin 

Upper  and  Lower 

Colorado 

Cetarado  Rher  Corpact 

Colorado  Rher 

States 

Al_  G.V  FL 


Year 

1997 


Reflation 

EQutoble  apportionment 


H 

1961 

Establishes  commission  to  coordinate  activi¬ 
ties  and  apporton  waters 

DE.  NY 

MD.  NY.  FV\ 

1970 

Establishes  commission  to  coordinate  activi- 

tes  and  apportdn  waters 

MD.  PA.  VA.  \W.  DC 

1970 

Establishes  commission  to  coordinate  regu¬ 
lators  and  standards 

VA.  MO.  DC 

1978 

Established  commtsson  to  insure  adequate 
potaUe  water  supplies 

MD.  VA.  PA.  DC 

19B0. 1987 

Establishes  commission  to  coordinate  activi¬ 
ties  and  apportion  nutrient  loading 

NY.  NJ.  CN 

1935 

Establishes  commission  to  restrict  the  re¬ 
lease  of  contaminants 

PA.  WV.  DE.  MD 

1985. 1986 

Established  commisson  to  regulate  equita- 
bfe  waste  disposal 

CT.  MA,  NH.  VT 

1983 

Establishes  commission  to  apportion  waters 

MA.  NH 

1957 

Establishes  commission  to  coordinate  activi¬ 
ties  and  ccsts 

CT.  MA 

1958 

Establishes  commission  to  coordinate  activi¬ 
ties  and  ccsts 

CT.  MA  NH.  VT 

1953 

Establishes  commission  to  coordinate  activi¬ 
ties  and  ccsts 

CT.  MA.  Rl 

1947 

Establishes  commission  to  coordinate  regu¬ 
lators  and  standards 

& 


AZ.  CA.  CO.  NM.  NV. 
UT.  WY 


192Z  1944  Apportioned  f«ed  quantity  from  Upper  Basin 
to  Lower  Basin 


Water  Batin 

R«ton 

CompecVTrealy 

Water  Body 

States 

Year 

Reeuiatton 

New  Errand.  Mrt 
Atlantic.  South 

Atlantic-Gulf 

Atlantic  States  Marine  F*henes  Com 
mission 

ME.  NH.  MA.RI.CT 
NY.NJ.RA.DE.MD.VA. 
NC.SC.GA.FL 

1942 

Establ*he*  corrmissioo  to  coordinate  regu¬ 
lator*  and  standards  addressing  fishery 

rescurars 

Western  State*  Water  Council 

AK.AZ.CA.CO.  ID.  KS. 
MT.  NE.  NV.  NM.  ND. 
OK  SO.  DC.UT.WA. 

WY 

1965 

Establ*he*  ctxmtission  to  coordinate  regu¬ 
lator*  and  standards  addressing  water  re- 
stxjrces 

Source:  Thompson  1999  Water  Use.  Management,  ard  Planning  in  the  United  State* 
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TWM  is  defined  as  "stewardship  of  water  resources  for  the  greatest  good  of 
society  and  the  environment"  (as  cited  in  Grigg  2008,  p  56).  The  broad 
scope  of  this  definition  is  key  to  the  effectiveness  of  TWM.  Planning  with 
regard  to  all  the  aspects  of  water  use  allows  water  managers  to  deliver  the 
most  efficient  allocation  of  water  resources.  TWM  is  the  practice  of  making 
decisions  and  taking  actions  while  considering  multiple  viewpoints  and 
activities.  Seven  principles  lay  the  foundation  for  TWM  planning: 

t.  Consider  all  sources  of  water  (wastewater,  stormwater,  seawater,  and  oth¬ 
ers). 

2.  Apply  sustainability  and  equity  in  allocating  water  resources. 

3.  Account  for  all  end  users  of  water. 

4.  Consider  water  quantity  and  quality. 

5.  Include  stakeholder  participation  in  the  planning  process. 

6.  Ensure  TWM  decisions  made  at  local  and  river  basin  levels  are  in-line  with 
broader  national  objectives. 

7.  Integrate  social,  economical,  and  environmental  goals  into  TWM  strate- 
gies. 

The  central  focus  of  TWM  is  integration  (Grigg  2008).  TWM  implements 
three  coequal  processes:  the  integration  of  economic,  social,  and  environ¬ 
mental  goals,  the  integration  of  all  actors  and  decision  making  processes 
that  affect  water  in  a  single  watershed,  and  the  integration  of  different  as¬ 
pects  of  water  management. 

t.  Integration  of  Economic,  Social,  and  Environmental  deals.  TWM  sug¬ 
gests  that  an  integrated  perspective,  which  considers  budgets,  health,  eq¬ 
uity,  and  natural  systems  in  the  long  term,  will  lead  to  greater  efficiency 
than  traditional  management.  This  approach  necessitates  an  awareness  of 
the  full  cost  of  water. '  A  participatory  process  that  facilitates  public  input  is 
central  to  achieving  this  broad  perspective,  litis  ensures  that  all  of  the  var¬ 
ied  impacts  of  water  are  considered  before  decisions  are  made. 

2.  Integration  of  Water  Actors/ Decisions  within  a  Single  Watershed  or 
River  Basin.  Water  use  in  any  one  part  of  a  watershed  impacts  water  use  in 
all  other  parts  of  the  watershed.  Thus,  water  planning  and  management 
are  most  efficient  when  they  occur  at  the  watershed  level.  TWM  calls  for 


“Full  coal’  means  the  full  tang  term  margaial  coal  oc  the  full  societal  coat.  For  rrore  information  on  full 
coat  see  the  USEPA  definition  and  conceptual  model  of  full  coal  pricing  (Office  of  Water.  20061,  at: 
http://  waw.epa.gov/ water  Infrastructure/ pdf  s/wrkstiop  si  fullcostpncing.pdf*paE6- 16 
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different  jurisdictions  in  a  single  watershed  to  work  with  one  another,  with 
other  water  actors,  and  with  the  public  to  make  unified  decisions  regarding 
water  resources.  This  level  of  coordination  will  require  the  Army  to  work  in 
close  partnerships  with  the  civil  institutions  that  share  installations'  water¬ 
sheds.  Furthermore,  while  TWM  advocates  for  water  decisions  made  at  the 
local  level,  these  decisions  must  play  into  the  larger,  regional  water  man¬ 
agement  plan. 

3.  Integration  of  All  Aspects  of  Water  Management.  TWM  recommends  the 
active  planning  of  a  single  system  for  water  management  that: 

a.  1  ntegrates  water  supply,  wastewater,  and  stormwater  systems; 

b.  Considers  demand  control  alongside  supply  expansion; 

c.  Keeps  all  potential  sources  and  end  uses  of  water  in  mind; 

d.  Manages  all  storage,  diversions,  discharges,  and  hydrologic  modifica¬ 
tions; 

e.  Is  designed  in  concert  with  the  hydrologic  cycle;  and, 

f.  Coordinates  water  resource  planning  with  land  use  planning. 

When  optimizing  for  the  system  as  a  whole  instead  of  each  component  in¬ 
dividually,  the  effect  of  one  component  on  the  other  is  no  longer  a  given 
that  must  be  dealt  with,  but  rather  a  variable  that  can  be  changed.  Thus, 
the  synergies  of  TWM  are  best  realized  through  an  iterative  and  constantly 
updated  planning  and  management  process. 

Water  supply  utilities  developed  TWM  and  are  the  most  common  TWM 
users.  However,  the  ideas  that  underlie  TWM  serve  as  a  general  guideline 
for  all  actors  in  the  water  resource  arena.  Army  installations  are  in  a 
unique  position  to  implement  and  benefit  from  TWM  given  their  on-site 
control  over  so  many  aspects  of  the  water  management  system  (Hatcher  et 
al.). 

The  linkages  between  drinking  water,  and  sanitary  and  stormwater  sys¬ 
tems  are  not  just  local;  they  exist  at  a  watershed  level.  Total  water  man¬ 
agement  and  regional  water  conservation  plans  are  emerging  challenges 
that  must  be  met  if  water  resources  are  to  be  planned  and  managed  on  an 
integrated,  comprehensive  basis  (ENN  2008,  IWR  2006). 
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4  National  Screening  for  Watershed 
Sustainability 

The  national  screening  for  watershed  sustainability  seeks  to  identify  those 
watersheds  containing  Army  installations  for  which  additional  studies, 
planning,  and  actions  may  be  recommended  to  ensure  continued  viability 
and  sustainability  of  Army  operations.  Screening  by  itself  does  not  provide 
a  diagnosis  of  "at  risk"  watersheds,  but  is  the  first  key  step  in  the  process. 
Through  application  of  the  Sustainable  Installations  Regional  Resource 
Assessment  (SIRRA)  methodology,  this  work  aims  to  identify  watersheds 
with  potential  sustainment  problems,  rank  watersheds  by  their  relative 
vulnerability  to  such  problems,  and  refer  those  watersheds  containing 
critical  Army  installations  and  flagged  as  "at  risk"  during  screening  for  fur¬ 
ther  study.  National  screening  allows  comparisons  between  regions 
through  the  use  of  national  color-coded  maps  for  each  sustainability  indi¬ 
cator,  for  the  set  of  water  supply  indicators,  for  the  set  of  water  demand 
indicators,  and  for  overall  watershed  health. 

SIRRA  is  a  web-based  sustainability  assessment  tool  that  characterizes  in¬ 
stallation-regions  based  on  a  set  of  54  indicators  grouped  into  ten  sustain¬ 
ability  issue  areas.  SIRRA  uses  uniform  assessments  with  a  broad  set  of 
indicators  covering  the  range  of  issues  that  may  affect  military  installa¬ 
tions  and  their  locality.  The  indicator(s)  may  be  used  to  express  the  rela¬ 
tive  ranking  of  installation-regions  based  on  single  measures  (or  groups  of 
measures)  that  define  a  theme.  This  standardized  approach  enables  the 
use  of  national  level  data  to  evaluate  the  regional  aspects  of  the  installation 
setting.  This  provides  a  heightened  awareness  of  long-term  issues  that 
could  threaten  mission  sustainment. 

The  SIRRA  watershed  screening  application  utilizes  an  area-based 
weighting  scheme  to  combine  many  indicators  into  three  composite  in¬ 
dices:  water  supply,  water  demand,  and  watershed  health.  There  is  a 
great  demand  from  high-level  decision-makers  for  a  manageable  num¬ 
ber  of  easily  understood  indices.  Examples  of  indices  outside  of  sus¬ 
tainability  are  the  Consumer  Price  Index  and  the  Dow-Jones  Indus¬ 
trial  Average.  However,  indices  face  the  challenges  of  weighting, 
standardizing,  aggregating,  and  eclipsing  because  of  differing  units 
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and  scales  (Maelaren.  1996).  Simplified  methods  of  aggregation  may 
ignore  the  problem  of  compensation;  that  is,  where  acceptable  values 
in  one  indicator  or  index  can  hide  unacceptable  values  in  another.  Se¬ 
lecting  an  aggregation  technique  requires  evaluating  the  ability  of  each 
to  meet  established  project  requirements.  Some  available  multicriteria 
decision  techniques  include  weighted  sum.  analytical  hierarchies, 

PRES  II,  Promethee.  TOPSIS.  CODASID,  Electro  TR1.  and  Fuzzy  VVS 
(Cloquell-Ballester  2005).  S1RRA  aggregation  methods  are  currently 
under  review  and  will,  in  future  versions,  offer  the  user  a  choice  of  ag¬ 
gregation  methods. 

The  SIRRA  methodology  was  first  developed  and  presented  in  An  Assess¬ 
ment  of  Encroachment  Mitigation  Techniques  for  Army  Lands, 
ERDC/CERL  TR-02-27.  It  was  further  developed  in  Sustainable  Installa¬ 
tion  Risk  Assessment  and  Stationing  Implications,  ERDC/CERL  SR-02- 
12.  SIRRA  version  ta  was  released  in  July  2004.  Its  capabilities  are  de¬ 
scribed  in  The  Sustainable  Installations  Regional  Resource  Assessment 
(SIRRA)  Capability:  Version ,  ERDC/CERL  TR-04-9. 

SIRRA  version  2  was  released  in  October  2008.  Version  2  incorporates 
additional  applications  including  the  evaluation  of  DOD  testing  and  train¬ 
ing  ranges  based  on  primary  military  mission,  the  analysis  of  watersheds 
for  relative  sustainability,  and  guidance  in  applying  SIRRA  for  National 
Environmental  Policy  Act  (NEPA)  investigation  screening.  The  current 
update  sought  to  identify  existing  regulatory  requirements  that  SIRRA 
could  support,  and  documented  the  findings  in  a  Public  Works  Technical 
Bulletin.  SIRRA  version  2  may  be  accessed  through  URL: 

TOp: '.'datacenieMeamRtOMp.com/slrra/ 

SIRRA  s  regional  resource  framework  provides  the  opportunity  to  incor¬ 
porate  the  broader  perspective  of  regional  issues  into  the  concept  of  sus¬ 
tainability  and  its  implications  to  mission  performance  and  sustainment. 
Accordingly,  such  a  framework  can  be  incorporated  into  U.S.  Army  pro¬ 
jects  to  allow  for  more  effective  watershed-systems  management.  The 
Army  is  aimed  at  balancing  the  water  system  to  help  meet  environmental, 
social,  and  economic  goals;  to  increase  scientific  knowledge;  and  to  reduce 
tensions  among  stakeholders. 
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4.1  Regional  resource  assessment  framework  and  metrics 

Assessing  watershed  sustainability  is  complex  and  requires  the  evaluation 
of  a  combination  of  indicators  that  are  related  to  factors  present  both  on 
and  off  Army  installations.  These  factors  may  not  readily  lend  themselves 
to  prioritization,  but  present  an  indication  of  issues  that  may  need  to  be 
addressed  in  watershed  planning  and  management.  Demographic  change, 
community  growth  and  sprawl,  and  regional  economic  vitality  present  a 
range  of  resource  issues  outside  the  fence  line  that  may  be  a  threat  to  con¬ 
tinued  Army  operations  or  watershed  Natality.  Issues  associated  with  op¬ 
erations,  management,  and  cultural  and  natural  histories  define  on-post 
risk.  Assessing  levels  of  regional  resource  and  environmental  stress  or  de¬ 
mands  entails  developing  a  set  of  indicators  or  indices  that  can  provide  re¬ 
liable  information  about  the  level  and  type  of  a  given  resource.  The  re¬ 
source  can  vary  from  availability  of  clean  water  to  the  amount  of  vehicular 
traffic  congestion  in  the  region,  the  latter  being  an  indicator  of  potential 
air  pollution  and  water  from  non-point  sources. 

4.2  Watershed  assessment  Indicators 

An  “indicator"  is  a  piece  of  information  that  reflects  what  Is  happening  in  a 
larger  system.  It  allows  observers  to  see  the  big  picture  by  looking  at  a 
smaller  part  of  it.  Indicators  are  often  quantitative  measures  such  as 
physical  or  economic  data.  For  example,  traditional  indicators  such  as  in¬ 
flation  and  unemployment  rates  are  used  for  making  economic  decisions. 
Indicators  are  widely  used  as  tools  that  monitor  progress  and  that  sim¬ 
plify,  quantify,  and  communicate  complex  issues.  Multiple  indicators  are 
sometimes  aggregated  into  an  index,  usually  for  comparison  across  loca¬ 
tions  or  to  assess  change  over  time.  Indicators  arc  often  used  as  the  feed¬ 
back  mechanism  to  inform  polity  changes  intended  to  improve  the  situa¬ 
tion  being  measured.  Their  intent  in  the  SIRRA  applications  Is  to  provide 
baseline  information  about  the  region  in  which  the  installation  resides  and 
illuminate  key  issues  that  may  be  a  current  or  future  threat  to  mission  sus¬ 
tainment,  mission  realignments,  or  regional  environmental  health.  These 
provide  the  starting  point  for  regional  planning  and  impact  mitigation. 

A  watershed  is  the  area  of  land  that  drains  all  of  the  water  either  under  it 
or  on  it  through  the  same  geographic  point.  The  USGS  delineates  water¬ 
sheds  using  a  nationwide  system  based  on  surface  hydrologic  features, 
which  divides  the  country  into  21  regions,  222  subregions,  352  accounting 
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units,  and  2262  cataloguing  units.  A  hierarchical  hydrologic  unit  code 
(HUC)  consisting  of  two  digits  for  each  level  in  the  hydrologic  unit  system 
is  used  to  identify  any  hydrologic  area.  The  6-digit  accounting  units  and 
the  8-digit  cataloguing  units  are  generally  referred  to  as  basin  and  sub¬ 
basin.  Many  states  have  defined  hydrologic  units  to  16-digit  HUCs. 

The  national  water  sustainability  analysis  application  of  SIRRA  strives  to 
identify'  "at  risk"  watersheds  in  terms  of  water  supply  and  demand  charac¬ 
teristics.  The  intent  is  to  supply  Army  field  personnel,  policy  makers, 
planners,  researchers,  and  business  partners  with  a  tool  for  improved  de¬ 
cision-making  and  communication  with  stakeholders.  Indicators  with  the 
potential  for  measuring  watershed  sustainment  in  terms  of  water  supply 
and  water  demand  were  selected  from  the  overall  SIRRA  list  of  54  based 
on  specific  requirements: 

•  whether  they  are  available  at  a  uniform  scale  nation-wide  to  ensure 
consistency  in  comparisons; 

•  whether  they  were  recorded  for  multiple  time  periods  to  enable  the 
evaluation  of  change; 

•  whether  they  were  prepared  by  a  reputable  source,  such  as  a  govern¬ 
ment  agency  or  professional  data  vendor,  and  accompanied  by  meta¬ 
data  for  qualify  assurance; 

•  whether  they  were  provided  in  a  digital  format,  to  accelerate  data  gath¬ 
ering  and  preparation  for  analysis;  and, 

•  whether  they  can  be  converted  to  geographic  information  system  (CIIS) 
format. 

Sustainability  indicators  related  to  watershed  health  include  fourteen  wa¬ 
ter  supply  indicators  and  ten  water  demand  indicators.  The  selected  indi¬ 
cators  represent  a  broad  spectrum  of  issues  related  to  resource  availability 
and  development.  Table  3  lists  the  selected  indicators,  and  shows  the  data 
source  and  the  geographic  scale.  The  24  indicators  provide  a  wide  variety 
of  information  about  population,  land  development  and  usage,  watershed 
quantify  and  health,  natural  disasters,  infrastructure,  and  regional  energy. 
Indicators  come  from  a  variety  of  sources  such  as  the  USGS  for  water  use 
information,  the  U.S.  Fish  and  Wildlife  Service  (USFWS)  for  endangered 
species  data,  and  the  U.S.  Census  Bureau  for  population  statistics.  Appen¬ 
dix  A  includes  the  metadata  documentation  for  each  indicator,  and  pro¬ 
vides  the  logic  for  indicator  selection  along  with  data  sources,  method  of 
calculation,  and  assessment  criteria.  Since  most  of  these  are  national  data 
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sets  and  were  chosen  due  to  the  availability  of  national  data,  mapping  pro¬ 
vides  a  ready  pictorial  view  of  the  sustainability  issues.  Appendix  C  in¬ 
cludes  national  maps  for  each  indicator. 


TaWe  3.  Indicators  for  assessing  watershed  sustainability. 


Indicator 

Source 

Year 

Scale 

A1 

Streamflow 

USGS 

2007 

HUC  8 

A2 

Local  Water  Production 

USGS 

2007 

HUC  8 

A3 

Presence  of  Groundwater 

USGS 

2006 

region 

A4 

Low  Flow  Sensitivity 

USGS 

2002-2007 

HUC  8 

A5 

Groundwater  Depletion 

USGS 

1995-2000 

County 

A6 

Drought  Sensitivity 

National  Oceanic  and  Atmos¬ 
pheric  Administration  (NOAA) 

2007 

region 

1 

A7 

Federally  Declared  Disasters 

Federal  Emergency  Manage¬ 
ment  Agency  (FEMA) 

1964-2007 

State 

2 

AS 

Seismic  Zones 

USGS 

2002 

region 

<5 

5 

A9 

Federally  Declared  Floods 

FEMA 

1964-2004 

County 

AID 

Flood  Risk 

Journal  of  Amencan  Water  Re¬ 
sources  Association  (JAWRA) 

1990 

HUC  4 

All 

TES  Richness 

NatureServe 

2005 

HUC  8 

A12 

TES  Hotspot 

NatureServe 

2006 

HUC  8 

A13 

Criteria  PoJIutant  Non- 
Attainment 

U.S.  Environmental  Protection 
Agency  (USEPA) 

2007 

County 

A14 

Water  Quality 

JAWRA 

1999 

HUC  8 

D1 

Fotal  Withdrawals 

USGS 

2000 

County 

D2 

Consumption  Rate 

USGS 

1995-2000 

County 

D3 

Energy  Withdrawals 

USGS 

2000 

County 

m 

04 

Regional  Population  Density 

U.S.  Census  Bureau 

2007 

County 

05 

Regional  Population  Growth 

U.S.  Census  Bureau 

2000-2007 

County 

io 

E 

06 

Population  Growth  Projection 

U.S.  Census  Bureau 

2000-2030 

State 

<3 

07 

State  Smart  Growth  Plans 

American  Planning  Association 

2002 

State 

1 

3 

08 

Proximity  to  Metropolitan  Sta¬ 
tistical  Areas  (MSA) 

U.S.  Census  Bureau 

2000 

region 

09 

Proximity  to  Interstate 

Environmental  Systems  Re¬ 
search  Institute.  Inc.  (ESRI) 

2002 

region 

010 

Traffic  Volume 

Federal  Highway  Administration 
(FHWA) 

2006 

State 

*  Water  supply  refers  to  water  availability  for  use. 

•  *  Water  demand  refers  to  water  withdrawal,  consumption,  and  depletion. 
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4.3  Analysis  methodology 

4.3.1  Concept 

SIRRA  has  proven  to  be  a  useful  and  successful  sustainability  screening 
tool  and  has  been  used  in  the  past  to  assess  installations  in  a  decision  sup¬ 
port  function.  The  SIRRA  methodology  was  reviewed  by  the  individual 
DOD  services  before  release.  SIRRA's  data  framework  is  derived  from 
validated  national  sources,  compiled  in  a  consistent  format,  and  covers  a 
wide  array  of  sustainability  topics.  SIRRA  quantifies  the  state  or  condition 
of  sustainability  indicators  and  provides  sustainability  ratings  for  single 
indicators.  However,  it  does  not  currently  provide  sustainability  ratings 
based  on  an  index— that  is,  a  group  of  indicators.  This  is  left  to  the  user  for 
specialized  applications.  To  meet  the  objective  to  rank  the  general  sustain¬ 
ability  of  all  the  HUC8  watersheds  in  the  nation,  the  methodology  of  thus 
analysis  must  generate  a  sustainability  rating  based  on  multiple  indicators 
and  must  be  able  to  illustrate  minor  differences  between  watersheds  and 
regions. 

SIRRA  sustainment  ratings  categorize  indicator  measures  in  live  catego¬ 
ries: 

1 .  Veiy  low  vulnerability 

2.  Low  vulnerability 

3.  Moderate  vulnerability 

4.  Vulnerable 

5.  High  vulnerability. 

The  process  of  setting  these  thresholds  is  described  in  step  2  of  section 
4.3.2.  Note  that  these  ratings  are  not  absolute  in  all  cases;  some  are  rela¬ 
tive  to  a  norm  or  mean. 

4.3.2  Methodology 

The  analysis  methodology  consists  of  characterizing  watershed  supply  and 
demand  indicators  at  the  HUC8  watershed  level  using  the  SIRRA  issue- 
based  indictor  framework.  Each  indicator  was  linked  to  the  watershed 
boundary  file.  For  each  watershed,  indicators  were  combined  to  form  an 
overall  vulnerability  score. 
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Figure  6.  Watershed  Indicator  level  reporting  methodology. 


The  analysis  methodology  consists  of  characterizing  watershed  supply  and 
demand  issues  at  HUC8  watersheds  using  the  SIRRA  issue-based  indictor 
framework.  Twenty-four  indicators  in  all  were  selected  for  this  evaluation. 
These  indicators  are  listed  in  Table  3  (and  also  in  Appendix  A). 


The  following  steps  were  followed  to  accomplish  this: 

1.  Compile  data  for  24  indicators  for  all  the  HUC8  watersheds  in  the  nation. 

2.  Divide  the  24  indicators  into  five  categories  of  sustainability— where  1 
represents  very  low  vulnerability  and  5  represents  high  vulnerability- 
using  SIRRA  threshold  definitions  as  a  guide. 

3.  Sum  the  sustainability  ratings  to  arrive  at  an  overall  sustainability  score 
that  diaractcrizes  a  potential  for  sustainment  jeopardy. 

A  more  detailed  description  of  each  step  follows. 

1.  Collect  indicator  data  from  national  sources.  'Hits  data  is  reported  at  vari¬ 
ous  scales.  For  example,  the  USGS  reports  withdrawals  at  the  county'  level, 
the  USCB  reports  population  projections  at  tire  state  level,  and  Nature- 
Serve  reports  threatened  and  endangered  species  at  the  eco region  level. 
Intersect  each  indicator  level  with  HUC8  watershed  boundaries  (Figure  6) 
and  determine  an  overall  indicator  score  for  each  2.252  HUC8  watersheds. 
Rules  to  accomplish  this  change  in  reporting  level  vary  based  on  the  indi¬ 
cator.  Watershed  values  may  be  based  on  a  weighted  average,  "worst"  rat¬ 
ing,  or  most  common  \alue.  lire  metadata  in  Appendix  A  define  the 
method  used  for  each  indicator. 

2.  Establish  the  vulnerability  rating  levels  for  indicator  data.  The  metadata  in 
Appendix  A  includes  the  sustainment  rating  thresholds  and  the  selection 
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logic  for  the  24  indicators  used  in  this  study.  Once  sustainment  ratings 
were  determined,  they  were  assigned  numbers.  Thus  allows  an  indicator  to 
be  weighted  and  scored  based  on  its  criticality  to  watershed  sustainment: 


•  very  low  vulnerability  =  1 

•  low  vulnerability  =  2 

•  moderate  vulnerability  =  3 

•  vulnerable  =  4 

•  high  vulnerability  =  5. 


Indicator  sets  often  include  “not-available"  data  values— specifically  for 
water  sustainment  indicators  in  Alaska  and  Hawaii  where  the  data 
source  does  not  report  conditions  in  these  areas.  To  ensure  that  these 
"not-available’  data  values  neither  hurt  nor  help  watersheds,  these  val¬ 
ues  were  either  entered  as  ''moderately  sustainable,”  or  the  rating  was 
interpolated  from  the  surrounding  nearby  regions.  Appendix  B  gives  all 
data  values  for  the  indicators  by  watershed  used  in  the  analysis. 

3.  Sunt  the  individual  indicator  ratings  for  each  watershed  to  arrive  at  an 
overall  score.  To  arrive  at  a  final  sustainment/vulnerability  score  for  the 
watershed,  simply  add  the  indicator  rating  values  (i.e.,  1, 2, 3, 4,  or  5).  The 
higher  the  score,  the  more  vulnerable  the  watershed  Is  considered  to  be  or 
the  more  stress  it  incurs  due  to  development  and  encroachment  issues. 

The  lower  the  score,  the  less  vulnerable  the  watershed  is  to  environmental 
and  key  Issue  stresses.  Appendix  B  provides  the  indicator  vulnerability 
score  and  final  sustainment  score  for  each  watershed.  The  indicators  are 
not  weighted  and  each  is  treated  equally.  There  could  be  some  locational 
weighting  applied  for  certain  indicators,  but  this  was  not  attempted  for  the 
current  study. 

Users  are  advised  to  review  the  indicators  that  lead  to  a  high  or  low  sus¬ 
tainability  score  and  interpret  the  score  based  on  specific  local  data 
sources  and  stakeholder  knowledge. 

4.4  Watershed  sustainability  scores  results 

Figure  7  shows  the  resulting  rankings  of  all  2,252  HUC8  sustainability 
scores  along  with  the  corresponding  Army  installations.  Army  installation 
scores  are  assigned  based  on  the  score  of  the  watershed  in  which  the  in¬ 
stallation  resides.  The  sustainability  scores  for  the  watersheds  ranged  from 
50  to  103.  Vulnerability  ratings  were  determined  by  subjecting  the  data  to 
statistical  analysis. 
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Figure  7.  Distribution  of  vulnerability  scores  fo r watersheds  ana  Installations. 

Possible  overall  sustainability  scores  range  from  24  to  120,  where  the  low¬ 
est  score  represents  the  lowest  potential  vulnerability  and  the  highest 
score  represents  the  maximum  potential  vulnerability.  Table  5  lists  the 
range  of  scores  and  their  statistics,  and  Table  5  lists  the  ranges  for  the 
various  vulnerability  classifications. 


Table  4.  Statistics  of  scores. 


Statistical  Analysis  of  Vulnerability  Scores 

Watershed 

Army  Installation 

Median 

73 

76 

Mean 

73.4 

76.5 

Standard  Deviation 

a.s 

8.1 

Lowest  Score 

50 

58 

Highest  Score 

103 

99 

Table  5.  Vulnerability  ranges. 


Ranges  of  Vulnerability  8asod  on  Statistics 

Very  Law  Vulnerability 

Less  that  1  Std  Dev  below  Mean  (<_65) 

Low  Vulnerability 

Between  1/2  and  1  Std  Dev  below  Mean  (66  -  69) 

Afoderafe  W/InerablMy 

Between  1/2  Std  Dev  above  Mean  and  below  Mean  (70  -  77) 

Vulnerable 

Between  Vs  and  1  Std  Dev  above  Mean  (78-821 

High  Vulnerability 

Above  L5  Std  Dev  above  Mean  1  >_83l 
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Watersheds  with  the  highest  vulnerability  tended  to  be  in  areas  with  high 
levels  of  urban  development  or  near  large  metropolitan  areas.  Regions 
showing  the  highest  vulnerability  were  in  California,  Florida,  the  south¬ 
eastern  states,  and  the  New  Jersey/New  York  City  area.  Watersheds  in  ar¬ 
eas  rated  the  least  vulnerable  tended  to  be  located  in  rural  areas  or  settings 
with  low  population.  Figure  8  shows  a  map  of  the  United  States  that  con¬ 
solidates  the  results. 

/Ml  locations  have  some  vulnerability  to  sustainability  problems,  as  evi¬ 
denced  by  the  fact  that  the  lowest  rating  score  was  still  significantly  higher 
than  the  lowest  possible  score.  The  highest  scored  watershed  was  much 
closer  to  the  highest  possible  score.  This  indicates  that  watersheds  do  vary 
and  that  not  all  of  the  indicators  are  low  for  any  given  location.  The  range 
of  scores  was  fairly  linear  across  the  range  except  for  either  extreme.  The 
watersheds  with  the  highest  vulnerability  have  a  fairly  steep  rise  in  scores. 
The  same  is  true  for  regions  rated  least  vulnerable. 


24  -65  Very  low  VWiwnpliy 
W-09  Lew/  VJlnoraality 
70-  77  Moderate  Vulne/MilHy 
73  -  62  VllnofaUo  w- 
83  -  120  Huh  VUIrwraOIrty 
u8  i-tuunn 


Figure  8.  Watershed  vulnerability  scores. 
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Figure  9.  Army  Installation  watershed  vulnerability  scores. 


4.5  Installation-Region  Sustainability  Scores 

Figure  9  maps  Army  installations  in  relation  to  Basin  Region  vulnerability 
scores.  Nearly  too  of  the  411  installation  studied  (23  percent)  lie  within 
watersheds  that  are  highly  vulnerable  to  water  crisis  situations.  Twenty- 
eight  installations  (6.8  percent)  are  unlikely  to  face  severe  water  shortages 
(i.e.,  they  lie  within  low  vulnerability  watersheds).  Highly  vulnerable  in¬ 
stallations  tend  to  be  in  the  South  Atlantic-Gulf,  Lower  Colorado.  Mid- 
Atlantic,  and  California  basin  regions.  Very  low  vulnerable  installations 
tend  to  be  within  the  Hawaii  and  Upper  Mississippi  basin  regions  (Tables 
6,  7,  and  8). 


Table  6  summarizes  the  strengths  and  weaknesses  of  Army  installations  by 
basin.  Most  Army  installations  are  threatened  by  high  traffic,  growth,  and 
urbanization.  However,  the  most  endangered  watersheds  show  additional 
vulnerabilities  to  natural  disasters  and  species  habitat  preservation 
(Figure  10).  Even  the  least  vulnerable  installations  are  threatened  by  low 
regional  streamfiow  and  high  regional  water  runoff  (in  Appendix  A,  see 
Indicator:  Local  Water  Production  (A2),  p  187).  The  most  vulnerable  in¬ 
stallations  gain  points  in  the  consumption  factors. 


Tablo  6.  Army  installation  average  vulnerability  score®  by  basin. 


BE  60  Hi 


ERDC/CERl  TR-09-38 


Table  7.  Highly  vulnerable  Army  installation  watersheds  by  basin. 


Army  Installation 


Camp  Roberts 


Florence  Military  Reservation 


Rittenhouse  Training  Site 


Redstone  Arsenal 


Camp  San  Luts  Obispo 


Hunter  Lieeett 


8  VAAP  Logistics  Tra  reformation  Age  ncy  ( LTA) 


9  Camp  Parks 


10  Concord 


11  Parks  RFTA 


12  Riverbank  Army  Ammunition  Plant  (AAPi 


13  Papago  Park  Military  Reser\'ation 


14  Fort  Belvoir 


15  Fort  Lesley  J  McNair 


16  Fort  Myer 


17  U.S.  Army  Adelphi  Laboratory  Center 


18  Walter  Reed  Army  Medical  Center 


19  Los  Alamitos  Joint  Forces  Training  Base  tJFTB) 


20  Van  Vleck  Ranch 


21  Anniston  Army  Depot 


22  Fort  McClellan 


23  Henry  H.  Cobb  Jr  -Pelham 


24  National  Training  Center  (NTCl  and  Fort  Irwin 


25  Safford  Training  Site 


26  Horsetooth  Reservoir 


27  Jefferson  Proving  Grounds 


28  Fort  McPherson 


29  Fort  Huachuca 


30  Casa  Grande  Training  Site 


31  Picacho  Training  Site 


32  Western  Army  National  Guard  Aviation  Training 
Site  (WAATSl  Silverbell 


33  Buckeye  Training  Site 


34  Fort  Eustis 


35  Lexington 


36  Sierra  Army  Depot 


Stead  FAC  MTA 


38  Camp  Navajo 


39  Navaio 


Watershed  Region 

Vulnerability 

Score 

California 

99 

Lower  Colorado 

96 

Lower  Colorado 

96 

Tennessee 

96 

California 

95 

California 

95 

Tennessee 

94 

Tennessee 

94 

California 

92 

California 

92 

California 

92 

California 

92 

Lower  Colorado 

92 

Mid  Atlantic 

92 

Mid  Atlantic 

92 

Mid  Atlantic 

92 

Mid  Atlantic 

92 

Mid  Atlantic 

92 

California 

92 

California 

91 

South  Atlantic-Guf 

91 

South  Atlantic-Gulf 

91 

South  Atlantic-Guf 

91 

California 

91 

Lower  Colorado 

90 

Missouri 

90 

Ohio 

90 

South  Atlantic-Gulf 

90 

Lower  Colorado 

89 

Lower  Colorado 

89 

Lower  Colorado 

89 

Lower  Colorado 

89 

Lower  Colorado 

88 

Mid  Atlantic 

88 

Arkansas-White-Red 

87 

California 

87 

California 

87 

Lower  Colorado 

87 

Lower  Colorado 

87 
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Army  Installation 


Watershed  Rogton 


VulnoraMity 

Scoro 


Fort  Hamilton 


Mid  Atlantic 


31 


/.'ally  Eagle  DZ 


Missouri 


“  ■ 


Felicity 


Ohio 


s; 


lartton  LTA 


Ohio 


8 


Military  Ocean  Tml  Sunny  Point 


South  Atlantic-Gulf 


Sr 


Camp  Merrill 


South  Atlantic-Gulf 


31 


Tuma  Proving  Ground 


Lower  Colorado 


86 


Camp  Fretterd 


Mid  Atlantic 


Gunpowder  Military  Reservation 


Mid  Atlantic 


S'j 


Camp  Curtis  Guild 


Mew  England 


86 


Fort  Gillem 


South  Atlantic-Gulf 


86 


Paisley  LTA 


South  Atlantic-Gulf 


86 


Snake  Creek  Training  Site 


South  Atlantic-Gulf 


36 


fosohatchee  LTA 


South  Atlantic-Gulf 


86 


Camp  Crowder 


Arkansas-White-Red 


86 


Sunny  Hills  LTA 


South  Atlantic-Gulf 


36 


Goodpasture  OZ 


Arkansas-White-Red 


38 


Douglas  Training  Site 


Lower  Colorado 


86 


Chatfield  Reservoir 


Missouri 


S-J 


Marion  LTA 


Ohio 


38 


Pocatello  Airport  LTA 


Pacific  Northwest 


38 


Buckman 


South  Atlantic-Gulf 


38 


Camp  Standing 


South  Atlantic-Gulf 


38 


Fort  Lee 


South  Atlantic-Gulf 


38 


Ocala  Armory 


South  Atlantic-Gulf 


8'_ 


Swift  Acres  LTA 


South  Atlantic-Gulf 


38 


Camp  Villere 


Lower  Mississippi 


"■I 


BG  Thomas  Baker  Training  Site 


Mid  Atlantic 


34 


Pendleton  MTA  SMR  CP 


Mid  Atlantic 


8-! 


89th  RSC  Sunflower  Wet  Site 


Missoun 


S'l 


Sunflower  AAP 


Missouri 


"■I 


Camp  AtterDury 


Ohio 


8-1 


Newport  Chemical  Depot 


Ohio 


8-1 


Hodges  Training  Site 


South  Atlantic-Gulf 


34 


Haws  Crossroads  Wet  Site 


Tennessee 


34 


Barker  Dam  LTA 


Texas-Gulf 


3-1 


Barker  Dam  Training  Site 


Texas-Gulf 


8-1 


Fort  WO  Iters 


Texas-Gulf 


8-1 


Wells  Gulch 


Jpper  Colorado 


8-1 


Joliet  Training  Center 


Jpper  Mississippi 


34 


Fort  Gordon 


South  Atlantic-Gulf 


M 
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Army  Installation 

Watershed  Region 

VulneraMity 

Score 

81 

Fort  Stewart 

South  Atlantic-Gulf 

84 

82 

Fort  Carson 

Arkansas-White-Red 

83 

83 

Fort  Rten  le 

Mid  Atlantic 

83 

84 

Sioux  Falls  Airport  Training  Area 

Mssoun 

83 

85 

Weldon  Spring 

Missouri 

83 

86 

Camp  Edwards 

New  England 

83 

87 

Massachusetts  Military  Reservation 

New  England 

83 

88 

Blue  Grass  Army  Depot 

Ohio 

83 

89 

Hunter  Army  Airfield 

South  Atlantic-Guf 

83 

90 

McCrady  Training  Center 

South  Atlantic-Guf 

83 

91 

Duffield  Industrial  Park 

Tennessee 

83 

92 

Mabe  Range  LTA 

Tennessee 

83 

93 

Kingsbury  LTA 

Upper  Mississippi 

83 

94 

Pocatello  Training  Site 

Pacific  Northwest 

83 

95 

Fort  Jackson 

South  Atlantic-Guf 

83 

96 

Tullahoma  Military  Reservation 

Tennessee 

83 

Table  8.  Very  low  vulnerability  ranked  installations. 


Army  Installation 

Watershed  Region 

VulnerabiTty  Score 

1 

Aahoaka  LTA 

Hawaii 

58 

2 

Anahola  LTA 

Hawaii 

58 

3 

Kale  pa  LTA 

Hawaii 

58 

m 

Kekaha 

Hawaii 

58 

5 

Kekaha  LTA 

Hawaii 

58 

6 

Nounou  LTA 

Hawaii 

58 

7 

Ridgeway 

Ohio 

60 

8 

Stewart  River 

Alaska 

61 

9 

Tucumcari  Training  Site 

Arkansas-White-Red 

61 

10 

Puu  Kapele  LTA 

Hawaii 

61 

11 
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Figure  10.  Watershea  vulnerabllly  scores. 


While  these  basins  tend  to  have  abundant  water  supplies  and  seldom  experi¬ 
ence  drought,  they  also  have  lower  withdrawals  per  capita  and  overall.  Vul¬ 
nerable  installations  have  the  same  threats  as  low-vulnerable,  but  increasing 
consumption  rates  coupled  with  high  population  growth  as  well  as  more  dras¬ 
tic  weather  events  causes  a  higher  stress  level  in  a  number  of  watersheds 
(Figure  n).  These  stresses  are  further  evident  in  the  high  presence  of  threat¬ 
ened  and  endangered  species  and  low  water  quality  in  vulnerable  watersheds. 
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Figure  11  Army  installation  watershed  vulnerability  scores. 


Not  surprisingly,  installations  located  within  vulnerable  watersheds  also  tend 
to  have  more  Base  Realignment  and  Closure  (BRAC)  measures  identified. 
Planned  growth  within  the  fence  line  is  a  factor  that  merits  serious  considera¬ 
tion  when  assessing  the  vulnerability  of  installations  to  water  supply  and  de¬ 
mand.  Table  9  lists  vulnerable  Army  installations  by  basin,  with  an  arrow  in¬ 
dicating  whether  it  will  gain  or  lose  population  due  to  various  Army 
transformation  actions.  Although  new  building  design  standards  require  that 
new  Army  facilities  achieve  a  LEED  silver  rating,  overall  water  use  is  expected 
to  increase.  Installations  located  within  "high-risk”  basins  (South  Atlantic- 
Gulf,  Lower  Colorado,  Mid- Atlantic,  and  California)  have  a  need  to  better 
identify  key  issues  and  challenges  to  water  supplies.  These  are  areas  where 
the  Army  might  provide  enhanced  support  to  installations,  state,  and  regional 
integrated  water  resource  planning  and  management. 

4.6  Interpreting  the  results 

The  watershed  vulnerability  scores  underpin  the  global  water  concerns  previ¬ 
ously  discussed— available  supply  is  shrinking,  demand  is  growing,  and  qual¬ 
ity  is  being  degraded.  Although  regions  and  installations  may  not  currently 
encounter  the  effects,  watersheds  within  their  basin  are.  Given  the  intercon¬ 
nectedness  of  watersheds,  the  threats  are  real.  Installations  may  not  be  sub¬ 
ject  to  local  resource  constraints  but  supply,  demand,  quality,  and  water 
rights  issues  are  threatening  the  system. 
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Table  9.  VulneraWe  basins  and  installations  at  nigh  vulnerabnty. 
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4.6.1  Framework  limitations 


Users  are  encouraged  to  use  the  national  screening  as  an  initial  step  in  a  se¬ 
ries  of  increasingly  localized  studies.  The  national  screening  can  help  to  pri¬ 
oritize  local  studies  for  regions  with  more  critical  water  quantity  and  quality 
problems.  It  is  also  advised  to  examine  the  individual  indicator  ratings  when 
assessing  a  region's  water  sustainability',  rather  than  roll-up  scores.  High  and 
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low  ratings  can  balance  each  other  and  result  in  a  satisfactory  overall  rating. 
Some  indicators  are  critical  to  regional  water  sustainability  and  may  out¬ 
weigh  all  others,  though  they  only  comprise  1/^4 ,h  of  the  roll-up  score. 

Vulnerability  scores  presented  here  represent  a  generic  evaluation  of  the  po¬ 
tential  for  environmental  problems  and  general  sustainability  of  any  given 
watershed.  The  ranking  methodology  is  meant  to  provide  a  screening  tool— 
not  a  final,  definitive  evaluation  of  the  sustainability  of  a  watershed  or  U.S. 
Army  installations.  The  screened  information  requires  further  detailed  stud¬ 
ies  specific  to  a  watershed  and  its  region.  In  other  words,  thus  methodology 
screens  for  certain  issues  and  identifies  watersheds  considered  to  have  poten¬ 
tial  problems  as  determined  by  the  chosen  set  of  indicators.  A  watershed  may 
score  high  on  an  indictor  that  is  state-wide  in  scope,  yet  the  score  could  be 
wrong  for  that  particular  location. 

The  methodology  of  thus  analysis  is  based  on  national  data  sets  and  does  not 
factor  in  unique  or  site-specific  conditions.  As  a  national  level  screening  tool, 
the  information  represents  entire  counties,  states,  or  ecoregions,  such  that 
this  data  will  not  always  agree  with  local  data  sources  for  specific  watersheds 
or  managed  units  within  a  county,  watershed,  or  ecoregion.  There  are  trade¬ 
offs  between  using  this  standardized  approach,  which  allows  the  use  of  na¬ 
tional-level  data  to  evaluate  regional  aspects  of  the  watershed,  and  using  an 
approach  that  considers  solely  watershed  specific  data.  The  best  recommen¬ 
dation  is  to  examine  the  scores  to  judge  the  numbers  that  are  most  important, 
and  to  determine  what  they  mean.  Any  decision  relevant  to  a  specific  water¬ 
shed  or  location  should  always  be  informed  by  more  than  this  analysis  alone. 

Vulnerability  scores  offer  a  view  of  watershed  health  at  a  given  moment  in 
time.  Scores  are  a  snapshot  view.  Additional  guidance  would  be  to  provide 
historical  snapshots  and  track  watershed  ratings  over  time.  This  would  illus¬ 
trate  watersheds  as  worsening  or  improving  over  time  and/or  project  life 
spans,  i.e.,  whether  moderately  vulnerable  regions  tend  to  become  highly  vul¬ 
nerable  or  less  vulnerable;  whether  policy  choices  or  project  implementation 
plans  alter  the  vulnerability  trend;  or  whether  vulnerabilities  tend  to  differ  in 
different  regions. 

Time  comparisons  could  significantly  expand  the  depth  of  these  vulnerability 
scores.  These  scores  could  potentially  be  improved  by  weighting  specific  indi¬ 
cators  relative  to  their  potential  impact  on  mission  sustainment.  For  example, 
streamflow  levels  may  not  be  as  critical  to  an  installation  with  low  water  de¬ 
mands  vs.  an  installation  with  high  water  demands.  In  this  situation,  the  low 
demand  installation  would  put  less  emphasis  on  highly  vulnerable  stream- 
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Hows  when  summing  indicator  vulnerability  scores.  Therefore,  the  regional 
sustainability  ranking  approach  could  provide  a  weighted  summary  of  as¬ 
sessment  indicators  that  determine  an  overall  mission  sustainment  or  vulner¬ 
ability  rating  for  each  watershed.  Both  time  comparisons  and  weighting  appli¬ 
cations  are  viewed  as  additional  capabilities  that  may  be  added  to  this  initial 
screening  tool  to  assess  installations  where  additional  studies,  planning,  and 
actions  are  recommended  to  ensure  continued  mission  accomplishment. 

4.6.2  Using  Appendix  B 

The  product  of  the  SIRRA  watershed  screening  application  is  a  spreadsheet 
(located  in  Appendix  B  of  this  report-AppendixB.xls).  The  workspace  pro¬ 
vides  the  24  individual  indicator  vulnerability  scores,  average  issue  area  vul¬ 
nerability  score  for  water  supply  and  water  demand,  and  the  final  sustain¬ 
ment  scores  for  all  HUC8  watersheds  and  411  U.S.  Army  installations.  From 
this,  analytical  graphics— tables,  maps,  and  charts— may  he  generated.  As  pre¬ 
viously  stated,  the  higher  the  score  the  more  vulnerable  the  watershed  is  con¬ 
sidered  to  be  or  the  more  stress  it  incurs  due  to  system  conditions.  The  lower 
the  score,  the  less  vulnerable  the  watershed  is  to  environmental  and  key  issue 
stresses.  The  Appendix  B  workspace  contains  five  worksheets— Main  Page, 
Watershed  Indicators,  Raw  Watershed  Data,  Watershed  Vulnerabilities,  and 
Installation  Watersheds.  These  are  identifiable  by  tabs  located  in  the  bottom, 
left  corner  of  the  workspace.  Main  Page  holds  all  vulnerability  and  final  sus¬ 
tainment  scores.  Watershed  Indicators  is  a  reference  worksheet.  Users  may 
refer  to  this  worksheet  for  a  quick  reference  of  indicator  identifiers,  source, 
and  data  level  (i.e.,  users  may  recollect  that  Ai  represents  2007  streamflow 
data  from  the  USGS).  Raw  Watershed  Data  provides  the  indicator  value  for 
each  HUC8  watersheds.  This  is  the  value  used  to  determine  the  vulnerability 
classification.  Users  may  refer  to  this  worksheet  for  a  clearer  understanding  of 
the  vulnerability  rating  used  if  the  rating  was  the  result  of  “no  data"  reported 
from  the  source.  For  an  understanding  of  which  watershed  an  installation  re¬ 
sides  in,  refer  to  the  Installation  Watershed  worksheet.  Watershed  Vulner¬ 
abilities  provide  the  vulnerability  ratings  for  each  HUC8  watershed. 

Appendix  B  provides  users  the  ability  to  identify  potential  environmental 
problems  for  any  Army  installation  and  to  view  vulnerability  ratings  in  rela¬ 
tion  to  other  installations.  Data  columns  include  installation  name  and  final 
vulnerability  scores.  Users  may  sort  the  Main  Page  columns  using  the  Micro¬ 
soft  Excel  sort  function  to  employ  several  analyses,  including  ranking  all 
Army  installations  by  sustainment  score,  distinguishing  critical  Issues  and  re¬ 
gions  for  water  resources,  and  identifying  the  regional  constraints  in  adding 
mission  requirements  within  a  given  installation. 
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5  Evaluating  Regional  Water  Availability 

5.1  Introduction 

In  this  study,  a  regional  water  budget  was  used  to  evaluate  the  vulnerability  of 
Army  installations  to  potential  water  shortages  over  the  next  30  years.  This 
study  defines  water  scarcity  as  that  condition  where  demand  for  water  ex¬ 
ceeds  its  supply  by  at  least  10  percent.  This  chapter  provides  methods  for  pro¬ 
jecting  the  regional  supply  and  demand,  and  for  evaluating  water  scarcity. 
This  chapter  also  explains  how  population  growth,  policy  changes,  climate 
change,  and  other  important  criteria  affect  the  projected  supply  and  demand 
of  water  for  a  region.  The  potential  for  water  scarcity  over  a  30-year  time 
frame  Is  reviewed  under  a  number  of  alternate  scenarios.  After  introducing 
the  methodology,  water  scarcity  projections  are  formulated  for  the  Fort  Bragg, 
NC  and  Fort  Bliss,  TX  regions. 

5.2  General  methodology 

The  hydrologic  cycle  (Figure  12)  is  the  movement  of  water  through  three  dis¬ 
tinct  spheres:  the  atmosphere,  land  surface,  and  subsurface.  The  natural 
processes  contained  in  the  hydrologic  cycle  are  precipitation,  infiltration,  and 
evapotransporation.  These  processes  influence  the  storage  and  movement  of 
water  between  these  spheres.  The  atmosphere  delivers  water  to  the  land  sur¬ 
face  through  precipitation,  while  the  land  surface  transfers  a  fraction  of  this 
water  to  the  subsurface  through  infiltration.  The  land  surface  and  subsurface 
convey  water  to  the  atmosphere  through  evapotranspiration.  Evapotranspira- 
tion  is  the  combination  of  evaporation  from  land  surface  and  subsurface,  and 
the  transpiration  of  water  through  plants  from  the  subsurface.  Water  on  the 
surface  is  simply  called  surface  water,  while  water  in  the  subsurface  is  gener¬ 
ally  termed  groundwater. 

A  water  budget  generally  considers  water  only  on  the  land  surface  and  subsur¬ 
face.  Hydrologists  study  the  movement  and  distribution  of  water  on  or  near 
the  land  surface  and  work  on  developing  techniques  for  determining  water 
budgets.  The  basic  concept  of  a  water  budget  is  the  mass  balance,  or  account¬ 
ing,  of  water  coming  into  and  leaving  a  system.  These  budgets  or  balances 
work  on  a  spatial  and  temporal  scale,  both  of  which  are  defined  depending  on 
the  level  of  detail  required  by  the  study.  The  spatial  scale  of  water  balance 
studies  is  regionally  unique  and  is  determined  during  the  regional  characteri¬ 
zation. 


ERDC/CERL  TR-09-38 


57 


Figure  12.  Ihehydrolo&c  cycle  {Shurc  2009). 


Land  surface  and  subsurface  water  systems  are  connected  via  water  transport 
mechanisms.  If  the  stored  water  in  an  aquifer  provides  a  source  of  flow  for  the 
river,  the  river  is  called  a  gaining  stream  (Figure  13  on  the  right).  The  flow 
experienced  during  drought  conditions  is  called  base  flow,  and  is  usually  pro¬ 
vided  solely  by  an  aquifer.  A  river  is  called  a  losing  stream  if  it  provides  water 
to  the  aquifer  as  seen  in  Figure  13  on  the  left.  This  is  called  recharge.  The 
term  recharge  is  also  used  when  water  infiltrates  down  to  the  aquifer  from 
precipitation. 

These  types  of  interactions  happen  with  any  type  of  land  surface  and  subsur¬ 
face  water  source.  The  interactions  seen  in  a  region  may  change  due  to  sea¬ 
sonal  variations,  human-induced  conditions,  or  other  scenarios.  An  aquifer 
may  provide  water  during  summer  months  when  rainfall  is  low  and  be  re¬ 
charged  during  the  winter  months.  Alternately,  a  surface  source  may  lose  flow 
to  recharge  an  aquifer  if  there  is  an  increase  in  pumping  rates  from  the  nearby 
aquifer  (Winter  et  al.  1998).  Various  aquifer  characteristics  can  also  drasti¬ 
cally  affect  the  interaction  of  the  surface  and  subsurface  layers.  A  confined 
aquifer  is  sandwiched  between  layers  of  impermeable  rock  that  pressurizes 
the  water  within.  These  generally  have  lower  recharge  rates  than  unconfined 
aquifers  that  are  more  open  to  receive  water  from  the  surface.  Such  interac¬ 
tions  are  identified  when  developing  the  regional  water  balance. 
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Figure  13.  Surface-groundwater  Interaction  {Winter  et  al.  1998). 

Hydrologic  systems  are  complex  in  their  interactions  and  therefore  difficult  to 
quantify.  Each  part  of  the  hydrologic  cycle  interacts  with  the  other  parts,  and 
a  change  to  one  affects  all.  Changes  that  affect  regional  wrater  budgets  include 
land  use,  climate  patterns,  and  water  management  practices  (Lettenmaier 
2008).  Increases  in  development  due  to  population  growlh  and  urban  sprawl 
leads  to  increased  amounts  of  impervious  surface.  This  diminishes  groundw  a¬ 
ter  recharge  and  increases  not  only  surface  water  volume,  but  also  peak  flow 
events.  This  can  lead  to  increased  flooding  and  lower  flows  during  drought 
conditions  due  to  decreased  groundwater  availability.  The  expected  impacts 
of  climate  change  include  altered  magnitudes  of  evapotranspiration  and  pre¬ 
cipitation,  both  impacting  regional  water  budgets.  Finally,  water  management 
practices,  such  as  dam  operations  and  inter-basin  transfers,  alter  stream  flow 
patterns,  which  in  turn  impact  the  water  budget.  The  impact  of  these  changes 
is  evaluated  during  the  model  projection  phase. 

The  process  for  assessing  regional  water  availability  is  completed  in  four 
steps: 

1.  Regional  Characterization.  This  requires  renewing  previous  regional  studies, 
gathering  historical  data,  defining  the  hydrologic  sector  boundaries  (spatial 
and  temporal  scale),  and  characterizing  the  region. 

2.  Developing  the  Regional  Model .  The  major  hydrologic  components  of  the  wa¬ 
ter  balance  are  spatially  identified  and  a  baseline  for  the  water  budget  Ls  de¬ 
fined.  Hie  water  balance  consists  of  a  supply  model  and  a  separate  demand 
model. 

3.  Projecting  Water  Supply  and  Demand  Tivnds.  This  uses  information  from 
historical  trends,  regional  water  plans,  population  projections,  and  current 
climate  diange  models  to  develop  alternate  supply  scenarios  for  the  supply 
and  demand  models. 

4.  Water  Sustainability  Assessment.  A  comparison  of  the  projected  supply  and 
demand  models  is  used  to  evaluate  the  sustainability  of  adequate  water  sup¬ 
plies  and  determine  whether  there  is  the  potential  for  water  scarcity  in  the  re¬ 
gion. 
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5.2.1  Regional  characterization 

Regional  characteristics  that  are  important  when  evaluating  potential  changes 
to  the  water  budget  include  military  mission,  demographic  trends,  water 
sources,  climate,  topography,  land  use,  and  historic  water  demand.  Other  re¬ 
gion-specific  characteristics  may  also  be  identified  as  important.  These  char¬ 
acteristics  are  defined  in  their  historical  and  current  context  during  the  litera¬ 
ture  review  so  that  potential  changes  to  these  characteristics  may  be  evaluated 
when  projecting  future  trends.  Suggested  information  and  data  sources  that 
may  help  characterize  the  region  are  discussed  later  in  this  chapter. 

Another  important  step  is  determining  the  geophysical  boundaries  for  prepar¬ 
ing  the  water  budget.  The  boundaries  may  follow  natural  divisions,  political 
lines,  municipality  coverage  areas,  or  other  methods  (Hayes  et  al.  1980).  A 
simple  way  to  define  supply  boundaries  is  by  using  naturally  defined  water¬ 
shed  and  aquifer  boundaries,  also  termed  hydrologic  boundaries.  A  watershed 
represents  the  entire  land  area  that  drains  to  a  particular  point  and  may  be 
composed  of  a  single  stream  or  an  entire  river  network.  The  USGS  has  defined 
the  boundaries  of  every  watershed  in  the  country  at  various  scales  through  a 
standard  hydrologic  unit  hierarchy.  Each  watershed  has  it  own  name  and 
HUC.  An  aquifer  is  a  subsurface  layer  that  stores  groundwater.  Aquifers  are 
found  at  various  depths,  and  can  have  widely  varying  characteristics  that  de¬ 
fine  its  water  bearing  capacity.  Figure  14  shows  the  20  regions  of  the  HUC 
naming  system  on  the  left  and  the  major  aquifers  of  the  United  States  on  the 
right.  Thus,  a  water  budget  depends  on  the  scale  of  both  space  and  time.  The 
water  budget  may  have  different  spatial  scales  for  the  subsurface  and  land 
surface  sectors,  but  they  should  operate  on  the  same  temporal  scale.  A  time 
scale  that  uses  annual  figures  is  appropriate  for  identifying  long-term  trends 
in  supply,  and  has  thus  been  chosen  as  the  standard  time  scale  for  this  study 
(Hayes  et  al.  1980). 


Figure  14.  National  HOC  and  aquifor  map®  (sourco:  USGS,  National  Atlas). 
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5 J2.1.1  National  Atlas 

Tlie  National  Atlas  (nno:/y*wn.nationaia»as.cov)  is  a  U.S.  Department  of  Interior 
web-based  mapping  tool  that  provides  a  wide  variety  of  geospatial  data.  This 
data  is  accessible  to  the  public,  and  can  be  downloaded  and  integrated  in  GIS 
software.  These  map  layers  can  be  used  to  aide  in  visualizing  the  region  and 
defining  the  water  budget  boundaries.  The  National  Atlas  provides  GIS  layers 
of  watersheds,  major  aquifers,  streams,  political  boundaries,  and  more.  Simi¬ 
larly  the  National  Geospatial-Intelligence  Agency,  as  an  agency  of  the  U.S. 
Department  of  Defense,  provides  imagery  and  geospatial  information  for  di¬ 
verse  government  users. 

5.2. 1.2  Installation  Research 

Preparation  of  regional  water  budgets  and  installation  water  demand  projec¬ 
tions  requires  several  categories  of  data  unique  to  the  Army  installations.  This 
data  falls  into  the  general  categories  of  historic  water  demand,  existing  water 
infrastructure,  planned  increases  in  both  effective  population  and  buildings, 
and  water  conservation  policies.  Other  information  that  may  be  available  in¬ 
cludes  special  studies,  water  supply  contracts,  information  on  the  sewage  and 
stormwater  systems,  system  condition  reports,  and  any  details  of  water¬ 
consuming  appliances  and  fixtures.  Installation  sources  include  the  Environ¬ 
mental,  Utilities,  and  Master  Planning  offices  of  the  Directorate  of  Public 
Works;  the  Base  Housing  Office;  the  Operations  or  Transformation,/ BRAG 
Office;  and,  the  water  system  contract  operator. 

5 .2.1.3  State  Government 

States  regulate  water  use  and  collect  a  variety  of  data  and  reports  to  formulate 
policies  that  maintain  sustainable  supplies  of  clean  water.  Comprehensive 
state  water  supply  plans  provide  information  regarding  available  sources  of 
water  and  consumers  of  those  sources.  These  plans  are  informed  by  reports 
submitted  by  water  suppliers  within  each  state.  State  water  offices  may  also 
provide  information  regarding  restrictions  imposed  by  the  Endangered  Spe¬ 
cies  Act.  Other  state  offices  may  provide  region  specific  information  concern¬ 
ing  climate,  topography,  land  use,  population  growth,  and  water  use.  Appen¬ 
dix  D  to  this  report  contains  a  list  of  agencies  that  may  oversee  some  aspect  of 
each  state's  water  supply. 

5 .2.1.4  Water  Utility  Providers 

Water  utility  companies  may  be  able  to  provide  historic  water  use  and  infor¬ 
mation  regarding  how  they  plan  to  provide  adequate  supply  for  the  projected 
future  demand.  This  should  include  current  sources,  capacity  of  treatment 
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plants,  and  expansion  plans  for  facilities  or  number  of  water  sources.  The  wa¬ 
ter  utility  providers  should  have  current  water  use  figures  and  estimates  for 
future  water  use  projections.  In  addition  to  individual  utilities,  trade  organi¬ 
zations  such  as  the  American  Water  Works  Association  (AWWA)  are  addi¬ 
tional  sources  of  information  related  to  water  demand  and  supply  issues. 

5.2. 1.5  U.S.  Geological  Survey  ( USGS ) 

Hie  USGS  monitors  the  nation’s  water  systems  in  a  variety  of  ways.  The  USGS 
defines  the  boundaries  of  the  watersheds  using  an  8-digit  HUC,  where  the 
first  two  numbers  represent  the  region,  the  next  two  are  the  sub-region,  the 
fifth  and  sixth  numbers  denote  the  river  basin,  and  the  final  two  denote  the 
sub-basin  (rttp://v»ater.u«s.gp<'Cis/teg«nsJitmi).  Maps  and  descriptions  of  various 
types  of  aquifers  may  also  be  obtained  from  the  USGS 
(hnp://capo.waief.usg4.ep«/aoui<erBasic4/).  The  National  Water  Information  System 
(NWIS,  http:/ /*atefdaia.use&.eo./ nwis/l  provides  historical  surface  water,  groundwa¬ 
ter,  and  water  quality  information,  and  some  real-time  measurements.  The 
National  Water  Quality  Assessment  (NAWQA)  program  is  administered  by 
the  USGS  and  monitors  the  condition  of  the  nation's  streams,  rivers,  and 
groundwater  over  time  while  evaluating  the  effects  of  natural  and  human  im¬ 
pacts  on  these  conditions.  The  USGS  has  also  provided  state  water  use  data 
every  5  years  since  1950  and  water  use  data  at  the  county  and  watershed  level 
every  5  years  since  1985.  The  data  for  2005  is  not  yet  available,  so  2000  is 
used  as  the  baseline  for  water  demand  projections.  USGS  offices  also  produce 
National  Land  Cover  Data  (NLCD):  hup:/ /landcp^r.uigs.ec  .■  mdeiohp 

Recent  initiatives  such  as  Water  for  America,  jointly  sponsored  with  the  U.S. 
Bureau  of  Reclamation,  seek  to  conduct  a  broad  national  assessment  of 
changing  water  availability,  and  to  work  to  improve  water  management  and 
water  resource  monitoring.  The  USGS  has  offices  in  each  state. 

5.2. 1.6  Environmental  Protection  Agency  ( USEPA ) 

The  USEPA’s  mission  is  to  protect  human  health  and  preserve  the  environ¬ 
ment  through  research  and  monitoring  of  the  natural  environment  including 
the  land,  air,  and  water.  They  are  also  charged  with  setting  and  enforcing 
standards  for  environmental  protection.  Such  standards  may  work  to  directly 
improve  human  health  by  ensuring  safe  drinking  water,  or  may  protect  habi¬ 
tats  in  which  humans  obtain  food  such  as  wetlands  and  oceans.  The  USEPA 
has  10  regional  offices  that  are  each  responsible  for  executing  the  agency's 
goals  within  the  states  it  is  responsible  for.  The  USEPA  manages  STORET.  the 
largest  computerized  environmental  data  system.  This  database  includes  wa¬ 
ter  quality,  biological,  and  physical  data.  The  Surf  Your  Watershed  feature  on 
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their  website  enables  the  public  to  locate,  use,  and  share  environmental  in¬ 
formation  about  the  watershed  in  which  they  live.  The  USEPA’s  Office  of  Wa¬ 
ter  released  the  National  Water  Program  Strategy:  Response  to  Climate 
Change  in  late  2008.  litis  document  provides  an  overview  of  the  likely  effects 
of  climate  change  on  water  resources  and  the  nation’s  clean  water  and  safe 
drinking  water  programs.  The  WaterSense  program  works  with  the  public  to 
increase  water  use  efficiency  and  has  an  appliance  labeling  program  similar  to 
the  Energy  Star  program. 

5.2.1. 7  National  Oceanic  and  Atmospheric  Administration  fNOAA) 

NOAA  collects  and  evaluates  a  wide  array  of  historical  and  current  weather 
data  including  temperature,  precipitation,  and  drought  monitoring.  This  in¬ 
formation  is  disseminated  through  the  National  Climatic  Data  Center  (NCDC, 
nnD:/'»-«w.ncoc.noaa.eo.'M/ncdc.n'mi).  Historical  data  can  generally  be  obtained  as 
daily  records  or  as  statistical  averages  at  daily,  monthly,  and  annual  intervals. 
Data  is  collected  at  reporting  stations  and  may  be  available  at  the  climate  di¬ 
vision  level  (344).  Historic  climate  data  may  also  be  obtained  through  the  U.S. 
Air  Force  at  rnipi./wnwafcccaimii  for  government  users. 

5.2. 1.8  Population  and  Economic  Forecasts 

The  United  States  Census  bureau  designs  and  implements  the  Decennial  Cen¬ 
sus,  which  counts  the  nation's  entire  population  every  10  years  using  both 
“long  form"  and  “short  form"  questionnaires  mailed  to  dwellings,  preceding  a 
door-to-door  survey.  The  bureau  makes  specialized  efforts  to  achieve  com¬ 
prehensive  population  counts,  including  homeless  and  transient  people.  In 
addition  to  the  10-year  complete  census,  the  agency  produces  other  interme¬ 
diary  products:  “intercensal"  population  estimates,  the  sample-based  Ameri¬ 
can  Community  Survey  (released  yearly),  the  5-year  Economic  Census,  the 
Puerto  Rican  Community  Survey,  Agricultural  Census,  etc. 

The  public  may  freely  download  the  complete  Decennial  Census  data,  along 
with  the  array  of  other  Census  products  and  demographic  analyses,  at 
http://factfinder.censns.tfov. 

5.2. 1.9  Other 

A  literature  review  should  be  conducted  for  the  study  region  including  the 
Army  installation.  Sources  include  non-governmental  organizations  (NGOs), 
research  organizations,  and  universities.  The  References  list  provides  a  start¬ 
ing  point  for  potential  sources.  A  thorough  review  may  turn  up  information 
not  provided  by  the  listed  sources  such  as  information  regarding  surface  and 
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groundwater  interaction,  future  availability,  and  other  appropriate  informa¬ 
tion.  For  installations  near  national  borders,  projections  for  other  countries, 
such  as  Mexico,  should  also  be  attained. 

5.2.2  Developing  the  regional  model 

The  regional  characterization  provides  information  required  to  define  the  re¬ 
gion  boundaries  and  characterize  the  relevant  properties  associated  with  wa¬ 
ter  supply  and  demand.  Models  are  derived  separately  for  the  regional  supply 
and  the  regional  demand.  Together  these  models  create  a  water  budget.  De¬ 
veloping  the  regional  model  consists  of  spatially  identifying  the  major  water 
balance  components,  defining  the  interactions  at  the  boundaries,  and  defining 
the  current  balance  components  and  their  associated  driving  factors.  The  ba¬ 
sic  relationship  of  a  water  budget  is  that  the  change  in  storage  over  time  is 
equal  to  the  inflow  minus  the  outflow: 

Storage  -  Inflow  -  Outflows 

The  significant  components  of  inflow  and  outflow  must  be  spatially  identified 
to  formulate  a  water  balance  model.  Inflow  parameters  may  include  precipita¬ 
tion,  stream  flow,  and  return  flow  from  withdrawals.  Outflows  include  stream 
flow,  evapotranspiration,  and  human  uses  such  as  agricultural,  municipal, 
residential,  and  industrial  among  others.  A  regional  water  balance  is  a  simpli¬ 
fied  representation  of  the  interactions  occurring  within  the  defined  bounda¬ 
ries.  The  location  of  these  inflow  and  outflow  components  in  relation  to  each 
other  greatly  affects  the  availability  of  water  at  the  installation  in  question.  A 
spatial  representation  of  the  system  components  such  as  location  of  municipal 
withdrawals,  river  tributaries,  and  stream  gauging  stations  are  all  vital  to  un¬ 
derstanding  the  water  balance.  Some  type  of  flow  chart  or  schematic  of  the 
water  balance  components  should  be  formed  to  identify  such  a  spatial  repre¬ 
sentation  of  the  region. 

Certain  legal  and  physical  human  systems  may  alter  how  the  water  balance  is 
set  up.  These  often  occur  at  the  regional  boundaries,  but  may  be  present  else¬ 
where  as  well.  The  interactions  at  the  boundaries  are  dependent  on  how  the 
boundaries  were  defined.  The  transfer  of  water  outside  of  the  defined 
boundaries,  whether  through  a  natural  stream  or  human  systems,  represents 
a  boundary  interaction.  Such  human  systems  may  include  the  presence  of  a 
dam  that  regulates  the  flow  according  to  a  predetermined  rules  set,  environ¬ 
mental  requirements,  or  interstate  and  international  agreements  that  desig¬ 
nate  downstream  flow  requirements.  Inter-basin  transfers  of  water  into  or  out 
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of  the  defined  boundaries  also  affect  the  water  budget  of  each  basin.  All  of 
these  must  be  defined,  especially  at  the  water  budget  boundaries. 

Once  the  major  system  components  affecting  the  region  are  spatially  identi¬ 
fied,  a  baseline  is  set  to  define  availability.  Historical  water  data  should  be 
evaluated  to  establish  the  baseline  water  budget  scenario.  This  may  be  deter¬ 
mined  by  using  a  representative  year,  or  some  soil  of  average  figure  over  a 
certain  range  of  years  for  each  component.  Each  model  component  has  vary¬ 
ing  degrees  of  information  available,  and  each  Is  developed  using  different 
methods.  The  driving  factors  for  each  component  are  given  a  baseline  value 
that  is  altered  when  projecting  future  trends.  The  model  outputs  are  total  an¬ 
nual  supply  and  demand,  respectively,  which  are  used  to  evaluate  water  scar¬ 
city  in  section  5.2.4,  Water  Sustainability  Assessment. 

5.2.2. 1  Regional  water  supply  model 

Even  the  mast  detailed  water  budget  studies  contain  uncertainty  due  to  their 
complex  nature  (Healy  et  al.  2007).  A  water  balance  can  not  be  expected  to 
contain  a  detailed  description  of  the  surface  and  groundwater  system  nor  be  a 
precise  accounting  of  water  supply  (Hayes  et  al.  1980). 

A  review  of  the  national  stream  gage  network  states  that  77  percent  of  the  na¬ 
tion's  basins  are  adequately  monitored  for  water  budget  purposes,  and  the 
number  of  eco-regions  that  have  been  adequately  monitored  for  long-term 
trends  has  dropped  to  76  percent  from  86  percent  since  1976  (USGS  1998). 
The  loss  of  gages  that  provide  long-term  data  is  a  concern  when  t lying  to  as¬ 
sess  impacts  due  to  changes  in  climate  and  land  use  patterns  affecting  future 
supply.  Further,  the  USGS  notes  that  no  nationwide,  systematic  groundwater 
level  monitoring  program  exists  (USGS  2002),  and  the  data  available  on 
groundwater  levels  and  rates  of  change  are  “not  adequate  for  national  report¬ 
ing"  (Heinz  Center  2008).  This  indicates  that  the  level  of  detail  passible  for  a 
water  balance  may  vary  significantly  from  region  to  region.  Statewide  or  re¬ 
gional  estimates  for  certain  components  may  not  represent  actual  conditions, 
but  are  often  the  only  available  information  (Hayes  et  al.  1980).  The  challenge 
is  to  define  the  hydrologic  system  components  so  that  a  simplified  representa¬ 
tion  of  their  interactions  may  be  determined.  The  best  available  knowledge  of 
the  system  should  be  used  to  define  the  current  balance.  Once  the  system  Ls 
defined,  the  inputs  and  outputs  can  be  modified  to  represent  alternate  future 
scenarios.  The  supply  model  components  can  be  broken  into  three  general 
classifications:  stream  flow,  surface  storage,  and  groundwater. 
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5.2.2. 1.1  Stream  flow 

The  storage  term  for  a  river  or  stream  is  zero,  and  thus  the  inflow  equals  the 
outflow.  Driving  factors  for  inflow  include  precipitation,  aquifer  base  flow, 
and  flows  into  the  defined  region  boundaries.  Outflows  include  evaporation, 
and  flows  out  of  the  defined  region  boundaries.  If  there  are  adequate  stream 
flow  records  for  the  region,  the  precipitation  and  evaporation  factors  may  be 
neglected  as  the  stream  flow  measurements  reflect  the  results  of  these  two 
processes  (Hayes  et  al.  1980).  This  reasoning  may  also  be  applied  to  the  aqui¬ 
fer  base  flow  in  some  cases.  Stream  flow  records  can  thus  be  directly  used  to 
determine  the  available  water  supply  at  that  location.  If  adequate  stream  flow 
records  are  not  available,  some  sort  of  rainfall-runoff  model  may  need  to  be 
developed.  One  simple  method  is  to  develop  a  regression  model  using  data 
from  nearby  stream  gauging  stations  and  climatic  data  for  the  region  in  ques¬ 
tion.  Appendix  E  to  thus  report  contains  further  details  on  regression  models. 
Calibrating  such  models  can  be  a  very  time  intensive  process. 

5.2.2. 1.2  Surface  storage 

The  inflows  and  outflows  of  surface  storage  systems  such  as  lakes  may  include 
streams,  runoff  from  the  land,  seepage  into  the  ground,  and  evaporation.  If 
surface  storage  is  fed  by  streams  then  similar  methods  as  discussed  above 
may  be  used,  otherwise  inflows  may  have  to  be  evaluated  using  precipitation 
values,  and  general  runoff  ratios.  The  effects  of  evaporation  are  greater  with 
lakes  than  with  flowing  streams,  and  should  be  estimated  using  the  best  avail¬ 
able  data.  Seepage  rates  may  be  difficult  to  obtain,  or  may  be  an  insignificant 
factor  affecting  surface  water.  The  most  common  measurement  provided  for 
lakes  is  the  elevation  or  level  of  the  water  surface.  Unfortunately  this  meas¬ 
urement  does  not  directly  translate  to  the  volume  of  water  available  without 
knowing  more  about  the  geometry  of  the  source.  This  provides  information 
regarding  sustainable  use  of  the  source.  If  the  level  is  dropping,  there  Ls  more 
outflow  from  the  system  than  inflow  to  the  system.  This  may  indicate  unsus¬ 
tainable  use.  A  surface  storage  system  that  is  not  managed  in  a  sustainable 
fashion  has  a  limited  supply.  The  length  of  time  the  source  is  available  may 
not  be  directly  determined  if  the  volume  of  water  is  unknown.  Yet  the  effect  of 
changes  in  parameters  on  the  storage  capacity  of  the  system  can  be  deter¬ 
mined.  This  indicates  whether  an  improvement  in  the  system  should  be  ex¬ 
pected  or  not.  further,  there  may  be  restrictions  on  minimum  water  levels  for 
surface  storage  systems  due  to  cooling  requirements  for  power  plants,  ecosys¬ 
tem  requirements,  or  other  human  needs. 

5.2.2.1-3  Groundwater 

Recharge  represents  the  inflow  of  w'ater  to  groundwater  systems,  while  pump¬ 
ing  withdrawals  and  evapotranspiration  are  the  main  source  of  outflows.  In- 
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teractions  with  streams  sliould  also  be  considered.  These  driving  factors  are 
not  well  monitored  and  present  a  challenge  when  estimating  groundwater 
availability.  A  rudimentary  infiltration  rate  may  be  determined  from  precipi¬ 
tation  values  to  simulate  aquifer  recharge,  but  this  depends  on  information 
available  concerning  the  aquifer. 

The  recharge  zone  may  also  be  outside  of  the  defined  boundaries,  and  would 
alternately  be  represented  by  groundwater  flows  into  the  region.  Yet,  ground- 
water  flows  at  a  much  slower  pace  than  that  of  surface  water,  so  recharge  may 
be  a  negligible  term.  The  level  of  detail  available  may  vary  drastically  from 
one  region  to  another.  Much  like  surface  storage  sources,  aquifer  measure¬ 
ments  are  provided  as  a  level  measured  in  distance  from  the  land  surface. 

This  level  indicates  a  relative  measurement  of  water  availability  over  time 
unless  the  geometry  of  the  aquifer  is  known.  Only  the  sustainability  of  the 
source  may  be  evaluated  without  the  availability  of  in  depth  studies  concern¬ 
ing  the  aquifer. 

5 .2.2.2  Regional  water  demand  model 

Figure  15  shows  a  model  of  the  relationships  between  land-use  change  and 
water  availability  in  a  region.  The  factors  influencing  these  connections  pro¬ 
vide  the  framework  for  analysis  of  water  demand  and  consumption.  Both  wa¬ 
ter  replenishment  and  water  extraction  are  influenced  by  land  use  and  demo¬ 
graphic  change.  The  focus  for  this  section  is  on  water  extraction.  Water 
extraction  is  divided  into  several  sectors.  These  sectors  are  public  supply,  do¬ 
mestic,  industrial,  agricultural,  and  water  losses.  The  figure  shows  how  water 
demand  is  related  to  land  use  and  demographic-driven  change  factors  such  as 
household  units,  commercial/industrial  buildings,  and  agricultural  land. 
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5.2.2.2.1  Drivers  for  regional  water  demand 
Tlie  USEPA  and  the  USGS  are  national  leaders  in  gathering  water  data.  USGS 
publishes  circulars  on  estimated  use  of  water  in  the  United  States  at  5-year 
intervals,  currently  available  from  1950.  The  2000  Estimated  Water  Use  Re¬ 
port  was  used  as  the  base  for  the  model  (USGS  2005).  The  data  is  provided  by 
county  and  by  water  use  category.  These  categories  include: 

•  Domestic  Water,  defined  here  as  self  supplied  water  used  for  all  indoor 
household  purposes  as  drinking,  food  preparation,  bathing,  washing 
clothes  and  dishes,  flushing  toilets,  and  also  outdoor  purposes  as  watering 
lawns  and  gardens. 

•  Industrial  Water,  defined  here  as  water  used  for  fabrication,  processing, 
washing,  and  cooling,  and  includes  such  industries  as  chemical  and  related 
products,  food,  mining,  paper  and  allied  products,  petroleum  refining,  and 
steel. 

•  Irrigation  Water,  defined  here  as  water  that  is  applied  by  an  irrigation 
system  to  assist  in  the  growing  of  crops  and  pastures  or  to  maintain  vege¬ 
tative  growth  in  recreational  lands  such  as  parks  and  golf  courses.  Irriga¬ 
tion  includes  water  that  is  applied  for  pre-irrigation,  frost  protection, 
chemical  application,  weed  control,  field  preparation,  crop  cooling,  har¬ 
vesting,  dust  suppression,  the  leaching  of  salts  from  the  root  zone,  and  wa¬ 
ter  lost  in  conveyance. 

•  Public-Supply  Water ,  defined  here  as  water  withdrawn  by  public  and  pri¬ 
vate  water  suppliers  that  furnish  water  to  at  least  25  people  or  have  a 
minimum  of  15  connections.  Public  suppliers  provide  water  for  a  variety  of 
uses,  such  as  domestic,  commercial,  industrial,  thermoelectric  power,  and 
public  water  use. 
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•  Livestock  Water ,  defined  here  as  water  for  livestock  watering,  feedlots, 
dairy  operations,  and  other  on-farm  needs.  Types  of  livestock  include 
dairy  cows  and  heifers,  beef  cattle  and  calves,  sheep  and  lambs,  goats, 
hogs  and  pigs,  horses  and  poultry. 

These  categories  represent  varying  levels  of  consumptive  water  use.  Not  all  of 
the  water  that  is  withdrawn  from  the  source  is  returned  after  use.  For  exam¬ 
ple,  industrial  processes  may  heat  the  water  causing  steam  that  is  lost  to  the 
atmosphere.  Consumptive  water  use  is  thus  the  amount  of  water  that  is  not 
returned  to  the  source  it  was  withdrawn  from.  This  can  also  be  expressed  as  a 
fraction  or  percent.  A  public  water  supply  having  15  percent  consumptive  use 
means  that  15  percent  of  the  water  withdrawn  Ls  not  returned.  Alternatively,  a 
non-consumptive  use  implies  that  nearly  all  of  the  water  withdrawn  is  re¬ 
turned. 

5.2.2.2.2  Water  demand  model  development 
The  model  was  developed  based  on  the  calendar  year  (CY)  2000  consumption 
and  projecting  forward  using  demographic  change  (population  growth),  local 
water  utility  projections,  and  an  estimated  achievable  projection  of  water  con¬ 
servation  trends.  The  projection  methodology  varies  for  different  regions  de¬ 
pending  on  the  data  available.  Utility  projections  are  the  preferred  methods 
for  estimating  future  usage,  but  lacking  that  information,  population  projec¬ 
tions  with  per  capita  demands  are  used  to  project  future  demand. 

Estimates  of  per  capita  consumption  are  based  on  data  from  the  public  sys¬ 
tems  for  the  years  2000  through  2007.  A  trend  line  is  developed  from  these 
and  is  used  in  conjunction  with  population  projections  to  predict  future  con¬ 
sumption  demands.  Other  demands  in  the  public  systems  are  assumed  to  fol¬ 
low  population  trends.  For  the  baseline  projection,  agricultural  demands  arc 
expected  to  remain  stable  or  to  decline  slightly  as  land  is  converted  away  from 
agriculture  to  residential  or  commercial/industrial.  Domestic  usage  from 
wells  is  expected  to  follow  population  trends.  The  impact  of  power  generating 
plants  accounts  for  their  consumptive  use  only. 

The  model  of  demand  in  the  region  is  not  expected  to  provide  a  perfect  pro¬ 
jection,  but  to  provide  an  indication  of  demand  trends  and  a  range  of  ex¬ 
pected  consumption.  The  base  case  can  be  then  modified  by  introducing  po¬ 
tential  for  water  savings  due  to  implementation  of  conservation  programs. 
Total  regional  demand  is  a  combination  of  self-supplied  demand,  agricultural 
demands  such  as  irrigation  and  livestock  watering,  industrial  demand,  and 
public  system  demand.  Water  reuse,  to  the  extent  that  it  is  in  use  or  planned, 
is  also  added  into  the  total  as  a  negative  demand. 
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5.2.3  Projecting  water  supply  and  demand  trends 

A  number  of  possible  methods  are  available  to  project  future  water  supply 
and  demand.  Physical  modeling  of  natural  systems  requires  large  amounts  of 
data,  and  tends  to  be  very  time  intensive.  For  example,  it  took  a  6-vear  effort 
to  improve  the  understanding  of  the  recharge  and  river  interaction  of  the 
Middle  Rio  Grande  Basin  Aquifer  so  that  a  water  management  strategy  could 
be  implemented  (Alley  2006).  Therefore  simple  methods  must  be  developed 
to  evaluate  potential  changes  within  a  reasonable  time  frame  at  multiple  loca¬ 
tions.  The  major  water  balance  components  and  their  driving  factors  as  iden¬ 
tified  when  developing  the  regional  model  shall  be  systematically  altered  us¬ 
ing  the  best  information  available  to  create  a  number  of  water  scarcity1 
scenarios.  The  task  of  accurately  projecting  future  water  budgets  is  difficult, 
because  each  component  and  driving  factor  has  a  level  of  uncertainty. 

5 .2.3.1  Regional  water  supply  model 

A  number  of  Issues  arise  when  projecting  future  water  availability.  Among 
these  are:  uncertainty  in  how  the  components  respond  to  future  changes,  un¬ 
certainty  in  predicting  the  changes  themselves,  and  the  possibility  that 
changes  outside  of  the  defined  region  may  impact  the  budget.  Simplified  lin¬ 
ear  projections  are  used  to  assess  potential  changes  in  water  availability.  As 
was  previously  noted  the  major  factors  affecting  water  availability1  are  chang¬ 
ing  climate  patterns,  water  management  practices,  and  land  use.  The  pro¬ 
jected  changes  in  these  factors  should  be  developed  based  on  input  from  a 
range  of  sources  as  described  below. 

5.2.3.1-1  Climate  patterns 

Changes  in  climate  could  be  associated  with  natural  cycles  or  human  influ¬ 
ence.  Various  natural  cycles  have  been  observed  that  affect  the  climate  across 
North  America.  Such  patterns  include  the  El  Nino/  Southern  Oscillation,  Pa¬ 
cific  Decadal  Oscillation,  and  Arctic  Oscillation/North  Atlantic  Oscillation. 
These  patterns  lead  to  a  change  in  climatic  conditions  that  last  for  decades  at 
a  time  (Mantua  1999).  Thus  the  water  balance  should  be  evaluated  under  his¬ 
torically  significant  drought  cycles.  Yet,  this  approach  represents  climatic  sta- 
tionarity,  which  assumes  that  natural  systems  fluctuate  within  a  known  range 
of  conditions  based  on  historical  occurrence.  However,  former  climate  condi¬ 
tions  may  not  provide  an  appropriate  basis  for  future  planning  (National  Sci¬ 
ence  and  Technology  Council  2004).  Therefore,  results  from  the  current 
global  circulation  models  (GCMs)  and  climatic  projections  and  impacts  are 
used  to  assess  future  climate  conditions  as  well. 
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5.2.3. 1.2  Water  management  practices 

Projected  inter-basin  transfers,  dam  operations,  and  other  water  management 
strategies  are  very  important  when  evaluating  changes  to  the  water  balance. 
Humans  directly  affect  the  water  balance  when  they  attempt  to  manage  water, 
thereby  overriding  natural  processes.  Inter-basin  transfers  alter  the  volume  of 
flow  in  a  river,  which  may  also  affect  the  groundwater  interaction  of  each  ba¬ 
sin.  Dam  operations  could  either  increase  or  decrease  downstream  flows.  Al¬ 
ternatively,  a  dam  may  not  change  the  volume  of  water  provided,  but  the  tim¬ 
ing  of  its  deliver)'  may  affect  natural  ecological  systems  and  available  supply 
for  downstream  users.  Information  concerning  proposed  changes  in  dam  op¬ 
erations,  inter-basin  transfers,  or  other  human  systems  should  be  evaluated  if 
such  information  is  available.  These  may  be  obtained  from  state  water  plans, 
utility  providers,  or  other  such  sources. 

5.2.3. 1.3  Land  use 

The  effects  of  land  use  are  varied,  especially  among  the  types  of  hydrologic 
sources.  Land  use  may  alter  the  timing  and  volume  of  runoff.  This  may  or  may 
not  be  a  desired  effect  depending  on  surface  and  sub-surface  interactions, 
dam  operations,  and  other  driving  factors  of  the  balance.  Increasing  amounts 
of  impervious  surfaces  from  land  development  decreases  rates  of  groundwa¬ 
ter  recharge.  Current  recharge  rates  may  be  an  insignificant  factor  in  the 
model  though,  considering  that  many  aquifers  are  a  result  of  thousands  of 
years  of  collecting  water.  “Groundwater  from  the  middle  Rio  Grande  aquifer 
is  as  old  as  30,000  years,  indicating  that  some  recharge  to  the  aquifer  oc¬ 
curred  when  the  Southwestern  United  States  was  experiencing  a  much  wetter 
climate"  (Healy  et  al.  2007).  Yet  decreasing  recharge  rates  not  only  affect  the 
groundwater  storage,  but  also  the  base  flows  available  to  streams  provided  by 
groundwater  systems.  Greater  amounts  of  impervious  area  may  also  increase 
the  amount  of  water  that  is  evaporated.  Therefore,  state  water  plans,  census 
projections,  and  current  land  use  patterns  may  be  used  to  evaluate  the  poten¬ 
tial  impact  of  proposed  population  growth  and  subsequent  land  use  change. 

5 .2.3.2  Regional  water  demand  model 

The  regional  demand  model,  as  described  above,  provides  the  water  demands 
for  the  period  of  interest.  The  demand  provided  by  the  model  shows  the 
change  over  time  of  the  requirement  for  water  resources.  The  demands  are 
based  on  land  use  change  and  demographic  projections.  The  impact  of  water 
conservation  programs  is  also  incorporated  into  the  model. 
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5.2.4  Water  sustainability  assessment 

The  purpose  of  the  effort  described  in  this  section  is  to  evaluate  the  possibility 
of  water  scarcity'  on  a  regional  scale.  The  potential  for  scarcity  issues,  their 
overall  likelihood,  and  worst  case  scenarios  are  discussed  in  this  section. 

Since  water  scarcity  has  been  defined  as  demand  exceeding  supply  by  at  least 
10  percent,  the  following  equation  may  be  developed,  where  an  installation  Is 
considered  to  have  a  water  scarcity  issue  if  the  equation  produces  a  value 
equal  to  or  greater  than  zero: 

WS.  =  tv  -  1.1*  Sv 

where: 

WSy  =  Water  Scarcity  during  year.  Y 
Dy  =  Regional  Demand  during  year.  Y 
Sy  =  Regional  Supply  during  year.  Y 

5 .2.4.1  Regional  water  supply  model 

The  available  water  from  each  hydrologic  source  for  each  year  is  summed  to 
determine  the  Regional  Supply  for  a  year: 

Sy“(9lf  +  824+._) 
where: 

S\  =  Regional  supply  during  year.  Y 

St-  =  Available  supply  from  source,  x.  during  year,  y 

5.2.4.2  Regional  water  demand  model 

The  demand  for  water  for  each  consuming  sector  for  each  year  is  summed  to 
determine  the  Regional  Demand  for  a  year: 

Dv  -  (dij  *  dj.y  ♦  ...) 

where: 

Dv  -  Regional  supply  during  year.  Y 
dIV  =  Demand  for  sector,  x.  during  year,  y 

5.3  Case  Study:  Fort  Bragg,  NC 

Foil  Bragg,  North  Carolina  was  established  in  1918  as  a  field  artillery  base  on 
127,000  acres  with  fewer  than  5,000  people.  During  World  War  II  Fort 
Bragg's  population  grew  to  over  100,000  soldiers  as  it  served  as  the  training 
ground  for  all  five  Airborne  Divisions.  Today  the  installation  covers  approxi¬ 
mately  161,000  acres  located  in  portions  of  Harnett,  Hoke,  and  Cumberland 
Counties  and  is  the  largest  U.S.  Army  installation  by  population  with  military' 
population  of  nearly  50,000  and  a  total  base  population  of  over  68,000.  It  is 
the  home  for  the  XVI II  Airborne  Corps  and  the  82nd  Airborne  Division.  The 
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U.S.  Army  Special  Operations  Command  and  the  U.S.  Army  Parachute  Team 
(the  Golden  Knights)  also  call  Fort  Bragg  home.  The  installation  experiences 
large  shifts  in  the  number  of  troops  in  residence,  as  it  houses  a  strategic  crisis 
response  force  manned  and  trained  to  deploy  rapidly  by  air,  sea,  and  land 
anywhere  in  the  world.  Due  to  the  Base  Realignment  and  Closure  (BRAC)  ob¬ 
jectives  and  other  transformation  initiatives  Fort  Bragg  will  be  expanding  its 
operations  to  a  projected  population  of  over  56,000  by  2013.  The  region  sur¬ 
rounding  Fort  Bragg  continues  to  grow  in  population  as  well  creating  the  need 
for  an  analysis  of  the  water  available  in  this  region  now  and  in  the  future.  This 
study  reviewed  the  potential  for  water  scarcity  using  a  regional  water  balance 
and  suggested  policies  that  may  help  to  ensure  a  sustainable  supply  of  water 
to  this  growing  region. 

5.3.1  Regional  characterization  of  Fort  Bragg 

The  following  is  a  description  of  the  natural  and  human  systems  that  define 
the  Fort  Bragg  region  and  influence  development  and  outcomes  of  the  re¬ 
gional  water  balance. 

5.3. 1.1  Demographic  trends 

The  Southeastern  United  States  is  expected  to  continue  growing  in  population 
at  an  overall  rate  higher  than  most  of  the  rest  of  the  Nation.  In  the  nine- 
county  region  directly  upstream  from  the  sources  of  water  providing  Fort 
Bragg  its  supply,  the  population  is  expected  to  grow  about  62  percent  from 
2000  to  2035.  Some  of  this  is  driven  by  expected  population  growth  associ¬ 
ated  with  Fort  Bragg's  military  transformation  initiatives  and  some  from  re¬ 
gional  growth. 

North  Carolina’s  State  Demographer's  Office  produces  population  forecasts 
on  the  county  level  using  a  detailed  cohort  component  analysis  modified  to 
accommodate  human  agency  in  determining  group  quarters  population  (Song 
2009).  This  model  involves  segmenting  the  population  into  distinct  “cohorts" 
by  sex  and  age,  applying  known  birth  and  death  rates  for  each  cohort,  ac¬ 
counting  for  in-  and  out-migration,  and  allocating  the  surviving  population  by 
age  given  a  simulated  passage  of  10  years  in  repeated  iterations  until  it 
reaches  the  time  horizon  (Isserman  1993,  and  Song  2009).  North  Carolina 
appears  to  employ  a  “net  migration"  approach,  which  would  introduce  inac¬ 
curacy,  but  also  innovates  by  using  exponential  smoothing/ Auto- Regressive 
Integrated  Moving  Average  (ARIMA)  time  series  trend  calculations,  and  other 
methods  as  controls.  The  state  also  updates  its  models  annually,  making  its 
forecasts  the  most  timely  and  accurate  ones  readily  available,  especially  given 
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the  time  constraints  often  present  in  making  a  water  balance  in  which  they 
play  a  very  important,  but  not  central,  role. 

As  the  official  forecasts  did  not  reach  as  far  into  the  future  as  the  water  bal¬ 
ance  time  horizon,  simple  linear  equations  describing  the  best  line  fits  for  the 
population  forecasts  and  North  Carolina's  official  intercensal  estimates  for 
1991-2008  enabled  further  projection  of  the  trends. 

Figure  16  shows  a  map  of  count)'  and  municipality  boundaries  in  the  area 
around  and  to  the  north  of  Fort  Bragg.  The  Upper  Cape  Fear  Region  includes 
the  rapidly  growing  urban  areas  of  Greensborough,  Burlington,  Durham,  and 
Chapel  Hill  and  their  associated  suburban  and  exurban  areas.  The  major  cit¬ 
ies  shown  on  the  map  are  those  with  populations  greater  than  45,000,  with 
the  cities  Fayetteville,  Greensboro,  and  Durham  boasting  over  100,000  resi¬ 
dents  in  2000. 

5 .3.1.2  Water  sources 

The  region  surrounding  Fort  Bragg  relies  primarily  on  water  withdrawals 
from  the  Cape  Fear  River  and  its  tributaries.  The  region  immediately  sur¬ 
rounding  Fort  Bragg  contains  groundwater,  but  the  yields  from  the.se  aquifers 
would  be  insignificant  amounts  when  compared  to  the  current  demand.  Typi¬ 
cal  yields  are  0.25  to  0.5  Million  Gallons  per  Day  (MGD),  but  may  be  as  high 
as  just  over  1  MGD.  Yet  Fort  Bragg  currently  consumes  on  the  order  of  5 
MGD.  A  few  groundwater  wells  do  serve  the  installation's  ranges  and  golf 
course,  but  are  inadequate  for  supplying  the  entire  installation.  These 
groundwater  sources  also  provide  much  needed  base  flow  in  the  surrounding 
rivers  and  streams  in  the  region  during  drought  conditions. 

The  Cape  Fear  River  is  formed  at  the  confluence  of  the  Deep  River  and  the 
Haw  River  in  Chatham  County’.  The  river  is  located  within  the  Cape  Fear  Sub- 
Region,  which  is  part  of  the  South  Atlantic-Gulf  Region.  This  sub-region  only 
contains  the  Cape  Fear  Basin,  which  is  composed  of  seven  sub-basins.  Figure 
17  shows  the  sub-basin  boundaries  for  the  Haw,  Deep,  and  Upper  Cape  Fear 
Rivers.  The  B.  Everett  Jordan  Dam  on  the  Haw  River  just  north  of  this  conflu¬ 
ence  significantly  alters  the  natural  flow  of  the  Cape  Fear  River.  The  operating 
procedures  associated  with  this  dam  are  a  major  factor  in  determining  avail¬ 
able  supply  for  Fort  Bragg. 
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Rgure  16.  Fort  B-agg  region  political  boundaries  (USGS,  U.S.  Census,  DOD). 


Major  tributaries  between  the  confluence  and  the  installation  are  the  Upper 
Little  River  and  the  Little  River.  The  Little  River  runs  along  the  northern  bor¬ 
der  of  Fort  Bragg  and  is  the  installation's  current  source  of  water.  The  Lilling- 
ton  and  Fayetteville  stream  gauges  also  represent  the  withdrawal  locations  for 
the  municipalities  of  Harnett  County  and  Fayetteville  respectively.  Fort  Bragg 
has  plans  to  obtain  their  water  from  these  two  suppliers  starting  late 
2009/early  2010. 
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Figure  17.  Fort  B-agg  hydrologic  features  jUSGS.  U.S.  Census.  DODJ. 


Dams  along  the  rivers  impact  fish  habitats  by  flooding  shoal  and  marsh  habi¬ 
tats.  Further,  dams  hinder  some  fish  from  reaching  spawning  grounds,  which 
have  diminished  shad  and  striped  bass  populations.  Some  agricultural  prac¬ 
tices  release  excess  nutrients  in  the  river,  which  lead  to  algal  blooms.  The  al¬ 
gae  use  oxygen  that  is  crucial  to  the  livelihood  of  the  fish.  The  Cape  Fear 
shiner  has  been  on  the  endangered  species  list  since  1987,  and  has  been  af¬ 
fected  by  dams  in  the  basin.  Chatham  County’s  Carbonton  Dam  was  removed 
in  2005.  Shiner  habitat  was  reclaimed  and  the  fish  subsequently  returned. 
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5.3.1.3  Climate 

The  North  Carolina  climate  can  be  described  as  having  long,  hot,  and  humid 
summers  with  short  and  mild  winters.  The  average  annual  temperature  and 
precipitation  (1961  -  1990)  in  the  basin  is  58  "F  and  42.5  in.,  respectively 
(Owenby  et  al.  2001).  The  highest  rainfall  generally  occurs  during  July  and 
August,  with  the  lowest  values  generally  seen  during  October  and  November 
(in  the  Fort  Bragg  region).  Lillington,  NC  is  located  in  Harnett  County  along 
the  Cape  Fear  River  about  20  miles  northeast  of  Fort  Bragg.  The  average  an¬ 
nual  stream  llow  at  the  Lillington  gage  site  since  1982  has  been  2,070  MGD, 
with  the  lowest  annual  average  occurring  in  2002  at  just  over  645  MGD. 

Seven  major  droughts  occurred  between  1900  and  1990,  including  the  years 
from  1950-1957, 1966-1971,  and  1985-1988.  The  regularity  of  droughts  in  the 
Foil  Bragg  region  has  not  ceased  as  major  droughts  have  occurred  over  the 
past  6  years  as  well.  The  Cape  Fear  River  basin  experienced  extreme  drought 
conditions  in  2002,  while  2007  and  2008  brought  exceptional  drought  condi¬ 
tions  according  to  the  North  Carolina  Drought  Management  Advisory  Coun¬ 
cil.  The  droughts  of  2007  and  2008  were  the  all-time  worst  since  1887 
(NCDPPEA  2008).  Yet  tree  rings  dating  back  to  the  12th  century  have  shown 
periods  of  even  more  intense  droughts  (Marstel  Day  2008).  During  these  re¬ 
cent  droughts.  Fort  Bragg  was  required  to  purchase  water  from  Fayetteville, 
its  backup  source.  This  recent  experience  led  Fort  Bragg  to  pursue  water  sup¬ 
plies  other  than  the  Little  River. 

5.3.1. 4  Topography 

Fort  Bragg  is  located  within  the  Cape  Fear  River  Watershed  at  the  southern- 
mast  point  of  the  Upper  Cape  Fear  Sub-basin.  The  entire  basin  is  composed  of 
33  percent  moderately  drained  soils,  and  51  percent  poorly  drained  soils.  Such 
soils  are  not  desirable  for  sustained  flows  in  drought  periods.  The  geology  of 
the  upper  Cape  Fear  Watershed  can  be  characterized  into  two  general  regions: 
the  Piedmont  and  the  Coastal  Plains,  or  Southeastern  Plains  (Figure  18). 
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Figure  18.  Fort  Bragg  soil  tyocs  (USGS,  US.  Census.  DOD). 

The  Piedmont  area  is  described  as  having  rolling  hills  and  is  composed  of 
slate,  granite  and  other  similar  rocks  making  it  a  well  drained  area.  The  prop¬ 
erties  of  these  impervious  rocks  do  not  allow  for  much  storage  of  water,  and 
thus  lead  to  very  low  base  flows  during  drought  conditions.  The  coastal  plains 
formation  is  primarily  composed  of  layers  of  sands,  silts,  and  clays  that  can 
hold  more  water,  providing  more  base  flow  that  allows  for  higher  flows  during 
drought  conditions.  The  high  permeability  of  the  coastal  plains  also  means 
that  contaminants  seep  more  easily  into  groundwater  sources.  This  is  of 
greatest  concern  during  droughts  and  low  flow  periods  when  most  of  the  wa¬ 
ter  in  the  river  is  supplied  by  groundwater  sources.  The  Coastal  Plains  prov¬ 
ince  includes  the  Sand  Hills  Regions  of  portions  of  Moore,  Harnett,  Hoke,  and 
Cumberland  counties.  This  area  is  considered  to  have  some  of  the  best  base 
flow  characteristics  in  all  of  North  Carolina.  Thus  means  that  the  Coastal 
Plains  Region  and,  to  a  greater  degree,  the  Sand  Hills  Region  present  more 
reliable  flows  during  drought  conditions. 
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5.3.15  Land  Use 

The  study  area  is  dominated  by  forest,  agriculture,  and  urban  areas,  which 
compose  almost  8.}  percent  of  the  land  use  in  the  region  according  to  2001 
land  use  data  from  the  USGS  Land  Cover  Analysis  Tool  fnttpv.'ieatises.goy). 
Figure  19  shows  that  forests  have  been  reduced  since  1992  and  are  being  re¬ 
placed  by  urbanized  areas  and  rangeland.  This  type  of  change  is  expected  to 
continue.  These  land  use  changes  may  impact  the  rate  of  runoff  from  storm 
events  leading  to  higher  likelihood  of  flooding  and  lower  flows  during  periods 
of  drought,  but  probably  do  not  affect  water  availability  on  an  annual  scale. 

Foil  Bragg  is  located  in  the  Sand  Mills  ecoregion,  which  supports  a  number  of 
endangered  species.  Five  Federally  protected  species  have  been  identified  in 
the  rare  longleaf  pine  habitats  on  the  installation:  the  American  chaffseed 
( Schu/albea  americana),  Michaux’s  sumac  ( Rhusmichauxii ),  Rough-leaved 
loosestrife  ( Lysimachia  asperutifalia),  the  Saint  Francis  Satyr  butterfly 
( Neonympha  mitchelliifrancisci),  and  the  Red-cockaded  woodpecker  (/’i- 
coides  borealis ).  The  installation  works  cooperatively  with  other  agencies  to¬ 
wards  the  protection  of  longleaf  pine  habitat  and  the  species  it  sustains  off 
site  in  a  program  widely  viewed  as  a  success  story’  (Marstel  Day  2008).  Fur¬ 
ther,  the  Army  has  identified  five  species  at  risk  (SAR)  on  Fort  Bragg,  which 
are  not  currently  identified  on  a  national  level. 


Walu  Urban  Barron  Forest  Rangeland  Agriculture  Wodaml 


Figure  19.  Fort  Bragg  regional  lanC  use  summary  (USGS). 
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All  five  species  are  plants  and  include  the  Sandhills  bean  ( Astragalus 
miclunixii),  Sandhills  Pyxie-moss  ( Pyxidanthera  breuifolia),  Georgia  lead- 
plant  ( Amorpha  georgiona  var  georgiana),  Pickerings  dawnflower  (Stylisma 
piekcringii),  and  Sandhills  Lily  ( Lillium  pyrophyilum).  The  Army  is  working 
to  implement  proactive  measures  for  the  protection  of  these  species  as  well. 
Such  ecological  protection  should  also  help  to  maintain  the  quality  of  water 
that  the  rivers  supply  especially  during  drought  periods. 

5.3.1.6  Historic  water  demand 

Currently,  the  nine  counties  of  significance  that  draw  water  from  the  same  ba¬ 
sin  as  Fort  Bragg  and  that  are  upstream  consume  about  282  MGD  as  com¬ 
pared  to  Fort  Bragg's  consumption  of  about  5  MGD.  Fort  Bragg's  consump¬ 
tion  at  times  does  reach  the  10  MGD  that  it  is  permitted  to  use.  Power  plants 
in  the  upstream  basin  also  have  a  non-consumptive  use  of  about  352  MGD  for 
once-through  cooling.  These  counties  have  a  2000  population  of  -1.5  million 
people.  About  78  percent  of  the  water  consumption  in  these  counties  is  sur¬ 
face  water,  which  affects  the  flows  in  the  basin  upstream  from  Fort  Bragg.  The 
counties  of  interest  are  Alamance,  Chatham,  Cumberland,  Durham,  Guilford, 
Harnett,  Lee,  Moore,  and  Randolph.  Table  10  lists  the  total  water  consump¬ 
tion  in  CY2000  for  the  various  counties.  Since  some  of  the  counties  are  not 
completely  in  the  watersheds  of  concern,  the  demand  model  area  weights 
these  demands. 


The  North  Carolina  Division  of  Water  Resources  has  set  a  standard  for  the 
amount  of  water  that  can  be  drawn  from  the  Cape  Fear  River.  The  7Q10  fiow 
is  the  lowest  7-day  average  fiow  in  the  last  10  years.  Pending  a  site-specific 
study,  North  Carolina  has  stated  that  river  withdrawals  must  not  exceed 
20  percent  of  the  7Q10,  so  as  not  to  affect  aquatic  habitat  during  droughts 
(NCDWR,  March  2002).  The  7Q10  figure  is  thus  used  by  water  utility  compa¬ 
nies  as  the  basis  for  water  availability.  Most  municipalities  are  using  7Q10 
figures  from  a  report  generated  by  the  USGS.  which  uses  data  up  to  1998 
(Weaver  2001). 


Tabic  10.  Total  upstream  County  water  consumption  (MGD),  CY2000  (USGS). 


Cowl) 

f'lClk 

Owntk 

- ■ 

lI'WHt 

lino 

mile 

On»id  Wat* 

Wjim  Wwr 

TCMl 

C«iK*rryilHi 

AUlMlItk 

it  3 

4  4 

lr  » 

50 

321 

27  T 

ICO 

27  M 

Chitlin 

A  T 

t  0 

05 

15 

4  1 

0 

52 

104 

156 

ico 

1663 

Cutteilvil 

337 

31 

00 

50 

Of 

a 

hi 

365 

AflA 

<3 

Ountm 

31 3 

40 

00 

32 

Of 

a 

4  C 

C| 

3TT 

2? 

10  *3 

Util  Mi 

517 

too 

13 

DO 

03 

0 

12  T 

164 

TOT 

51 

77  OS 

>30 

04 

1 1 

41 

21 

0 

30 

U3 

100 

01 

1004 

L» 

72 

14 

a  a 

21 

07 

a 

26 

flf 

114 

ICO 

1137 

TO 

12 

ao 

<37 

31 

a 

•0* 

1t» 

260 

01 

21  15 

Rlfiufrli 

75 

47 

00 

35 

5? 

0 

53 

12  3 

2t  6 

51 

12  u 

r«f* 

lff.0 

77.0 

3f 

<$/ 

tu 

70 

f7.4 

72t  9 

MU 

*VA 

730.J? 

ERDC/CERl  TR-09-38 


80 


5.3.2  Developing  the  Fort  Bragg  regional  model 

Although  there  are  many  aquifers  in  the  region,  none  currently  provide 
enough  water  for  Fort  Bragg's  demand.  Fort  Bragg  currently  obtains  water 
from  the  Old  North  Utility-  Services,  Inc.  (ONUS),  of  which  the  installation  is 
its  only  consumer.  ONUS  currently  operates  the  existing  historic  Bragg  water 
plant,  which  is  located  on  the  installation  and  draws  water  from  the  Little 
River,  which  runs  adjacent  to  the  Northern  boundaries  of  the  installation.  The 
Little  River  is  fed  by  James  Creek,  Crane  Creek,  and  other  smaller  tributaries. 

Most  users  upstream  on  the  Little  River  draw  their  water  from  ground 
sources  (not  from  the  river).  Thus  Fort  Bragg  is  the  major  consumer  on  the 
Little  River.  Fort  Bragg  maintains  an  emergency  backup  supply  from  the  Fa¬ 
yetteville  Public  Works  Commission  (Fayetteville  PWC). 

The  installation  has  plans  to  shut  down  the  ONUS  facilities  in  the  summer  of 
2010.  Fort  Bragg  will  then  purchase  water  from  the  Harnett  County  Depart¬ 
ment  of  Public  Utilities  (Harnett  DPU)  and  the  Fayetteville  PWC,  both  of 
which  draw  water  from  the  Cape  Fear  River.  Harnett  DPU  withdraws  its  water 
near  Lillington  upstream  of  the  where  the  Little  River  meets  the  Cape  Fear 
River,  while  Fayetteville  PWC  draws  its  water  supply  from  the  Cape  Fear 
River  downstream  of  where  the  Little  River  joins  the  Cape  Fear  River. 

5.3.2. 1  Water  s  upply  model 

This  study  focuses  on  the  long-term  supply— out  to  2040— provided  by  the 
Cape  Fear  River.  The  year  2000  is  used  as  the  baseline  to  match  the  demand 
model  baseline.  The  Cape  Fear  River  Basin  Water  Supply  Plan  (NCDWR 
2002)  divided  Cape  Fear  municipalities  into  groups  of  common  water  sys¬ 
tems  according  to  water  withdrawal  and  discharge  locations.  Additionally, 
some  groups  execute  inter-basin  transfers  and  water  withdrawal  and  dis¬ 
charge  to  separate  basins  within  the  Cape  Fear  watershed.  Water  availability 
is  comprised  of  a  combination  of  surface  and  groundwater  sources  for  each 
group.  Drawing  on  this,  the  water  balance  is  analyzed  at  the  sub-basin  scale 
and  includes  the  Deep,  Haw,  and  Upper  Cape  Fear  Sub-Basins. 

Most  municipalities  base  their  surface  water  availability  figures  on  a  report 
published  by  the  USGS  (Weaver  2001).  This  report  uses  data  through  1997  to 
support  the  conclusion  that  the  7Q1Q'  flow  at  the  Lillington  gage  site  is  ap¬ 
proximately  340  MGD,  and  approximately  390  MGD  at  Fayetteville.  Only  20 


*  The  7Q1  is  the  lowest  7-day  average  stream  flow  foe  a  given  year.  white  the  7Q10  &  the  lowest  7Q1  over  the 
past  ten  years. 
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percent  of  the  7Q10  value  may  be  withdrawn  from  the  river  without  a  detailed 
study  of  ecological  impacts  (NCDWR,  March  2002).  Therefore  Harnett  is  al¬ 
lowed  68  MGD,  and  Fayetteville  may  withdraw  78  MGD  according  to  thus 
study.  Unfortunately,  the  7Q10  flow  declined  the  year  after  data  collection  for 
this  study  was  completed,  and  declined  again  in  2002  and  2007  (Figure  20). 

5.3.2.1.1  Deep  suD  basin 

The  Deep  River  is  approximately  125  miles  long  and  contains  a  number  of 
human  systems  that  regulate  its  flow.  An  increase  in  demand  from  the  mu¬ 
nicipalities  should  increase  the  consumptive  use  of  the  available  water  in  the 
Deep  River.  Further,  a  number  of  basin  transfers  occur  that  affect  the  flows  of 
the  river.  Randleman  Dam  was  completed  in  2002  for  the  purpose  of  water 
supply  for  the  Greensboro  group.  The  dam  diverts  up  to  30  MGD  and  has 
minimum  release  requirements  ranging  from  5  to  20  MGD  depending  on  the 
reservoir  levels.  This  could  decrease  average  annual  flows,  but  may  increase 
low  flows  in  the  Haw  River,  which  would  increase  water  available  to  down¬ 
stream  users.  Some  of  the  diverted  water  is  discharged  to  the  Haw  River  Sub- 
Basin,  which  may  not  significantly  impact  the  overall  budget,  but  the  effects  of 
this  dam  have  not  been  fully  reviewed  by  the  North  Carolina  Division  of  Wa¬ 
ter  Resources.  Water  withdrawn  from  this  reservoir  may  also  be  discharged  to 
the  Yadkin  River  Basin.  Other  transfers  include  the  Greensboro  group’s  im¬ 
portation  of  water  from  the  Yadkin  River  basin.  The  Moncure  stream  gage, 
which  is  located  on  the  Deep  River  just  upstream  of  where  it  meets  the  Cape 
Fear  River,  recorded  an  average  annual  stream  flow  of  740  MGD  in  2000. 
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Figure  20.  Annual  and  10-year  lowest  7-day  average  flow  (USGS). 
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Table  11.  Pfopo»efl  Jordan  lake  drougM  operating  rule*  (NCDWR  2008). 


Drought 

Stag* 

«« Water  Quality 
ACCC«int 

Minimum 

R*l*a** 

(MGD) 

LiHingUMi 

largt* 

(MGD) 

-1 

25 

390 

0 

ao-too 

IS 

390 

1 

6030 

25 

290*350 

2 

•10-00 

25 

190*250 

3 

20-40 

130 

Nnnc 

4 

0*20 

70 

None 

5.3. 2.1.2  Hawsub  Dasin 

The  Haw  River  is  approximately  no  miles  long  and  is  dammed  near  its  outlet 
by  the  B.  Everett  Jordan  Dam  (Jordan  Dam)  operated  by  the  Army  Corps  of 
Engineers.  The  primary  goal  of  this  dam  is  to  ensure  minimum  flows  in  the 
Cape  Fear  River,  with  secondary  goals  of  flood  control,  water  supply,  recrea¬ 
tion,  and  fish  and  wildlife  conservation.  The  dam  is  operated  to  maintain 
about  390  M(iD  flowing  at  the  Lillington  stream  gage  during  most  times.  In 
extreme  drought  situations,  the  Lillington  gauge  has  no  target.  Minimum  re¬ 
lease  of  25  MGD  is  specified  at  all  times  (USACE  1992).  It  has  been  proposed 
that  under  extreme  circumstances,  the  dam  release  at  least  70-130  MGD  de¬ 
pending  on  the  percent  remaining  in  the  Water  Quality  Account  (Table  11). 

The  lake  consists  of  a  water  supply  account  and  a  water  quality  account. 

This  is  intended  to  minimize  disputes  during  extreme  drought  situations. 
Sixty-seven  percent  of  the  wrater  that  flows  into  the  lake  is  applied  to  the  water 
quality  account  while  the  rest  goes  to  the  water  supply  account  (USACE  1992). 
The  purpose  of  the  water  quality  account  is  to  maintain  water  quality  in  the 
lake  and  maintain  target  flows  downstream.  The  storage  volume  of  the  dam  is 
538,400  acre  feet  (AF)  for  flood  control  and  conservation  storage  of  140,400 
AF.  The  conservation  storage  consists  of  45.800  AF  for  the  water  supply  ac¬ 
count  and  94,600  acre  feet  for  water  quality  account  (low  flow  augmentation). 
The  proposed  drought  operating  rules  would  decrease  the  target  flow  at  Lil¬ 
lington  as  the  water  quality  account  decreases.  An  increase  in  demand  from 
the  upstream  municipalities  could  increase  the  consumptive  use  of  the  avail¬ 
able  water  in  the  Haw  and  Deep  Rivers,  and  thus  decrease  the  amount  of  wa¬ 
ter  being  added  to  the  water  quality  account.  The  potential  for  increased  low 
flow  volumes  in  the  Deep  River  due  to  the  Randleman  Dam  may  help  the  Jor¬ 
dan  Dam  operations  achieve  minimum  flow  targets  at  Lillington. 

The  Burlington  and  Durham  systems  currently  import  water  to  the  Haw  River 
Sub-Basin  from  the  Neuse  River  Basin,  while  Cary,  Durham,  and  Harnett 
groups  transfer  water  to  the  Neuse  Basin.  The  Bynum  stream  gage  is  located 
just  upstream  of  Lake  Jordan  and  recorded  an  average  annual  stream  flow  of 
690  MGD  in  2000,  and  the  dam  released  on  average  877  MGD.  Historically, 
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releases  from  the  dam  have  been  140  percent  higher  than  flow  at  the  Bynum 
gage,  but  they  have  been  as  low  as  85  percent  and  as  high  as  330  percent.  This 
shows  that  the  other  small  streams  feeding  into  l.ake  Jordan,  such  as  New 
Mope  Creek,  provide  a  substantial  volume  of  water. 

5.3.2. 1.3  Upper  Cape  Fear  sub  Dasin 

As  stated  previously,  the  Cape  Fear  River  is  formed  at  the  confluence  of  the 
Deep  River  and  the  Haw  River.  The  Fayetteville  and  Carthage  Groups  transfer 
water  from  the  Upper  Cape  Fear  Sub-Basin  to  the  Lumber  River  Basin,  but 
these  transfers  should  not  affect  the  availability  of  water  to  the  installation. 
Harnett  County  estimates  that  their  water  supply  intake  could  not  function  if 
flows  at  the  Lillington  gage  drop  below  123  MGD.  When  the  low-flow  target  is 
reduced  to  194  MGD  due  to  drought  conditions,  systems  withdrawing  from 
the  Cape  Fear  River  are  to  reduce  the  quantity  of  water  they  withdraw  by  20 
percent  (NCDWR,  December  2002).  The  Lillington  gage  recorded  an  average 
annual  stream  flow  of  1800  MGD  in  2000.  This  means  that  another  183  MGD 
is  unaccounted  for  between  the  Deep  River  and  the  releases  from  .Iordan 
Dam.  This  difference  in  flow  is  most  likely  due  to  a  combination  of  precipita¬ 
tion  running  off  the  land,  evaporation  processes,  and  base  flow  from  aquifers. 
From  1982  -  2008,  this  difference  in  flow  ranged  from  negative  390  MGD  to 
positive  600  MGD.  This  indicates  that  evaporation  and  whether  the  river  is 
gaining  or  losing  plays  a  significant  role  in  some  years. 

The  7Q1  flow  from  tributaries  downstream  of  Lillington  shall  be  added  to  the 
Lillington  estimate  to  obtain  the  7Q1  flow  estimate  at  Fayetteville.  There  is  no 
gage  data  available  for  the  Upper  Little  River,  and  thus  only  flow  from  the  Lit¬ 
tle  River  shall  be  added  for  the  Fayetteville  estimate.  This  simplification 
seems  reasonable  when  compared  to  the  low  flow  profile  of  the  Cape  Fear 
River,  as  it  shows  that  the  Upper  Little  River  provides  a  proportionally  insig¬ 
nificant  volume  of  water  compared  to  the  Little  River  and  the  Cape  Fear  River 
during  low  flow  scenarios  (Weaver  2001  p  73).  USGS  gage  02103500  located 
near  Linden,  NC  on  the  Little  River  provides  discharge  measurements  closest 
to  the  river’s  confluence  with  the  Cape  Fear  River.  Unfortunately  this  gage 
was  only  operational  from  1928  to  1971.  The  next  closest  gage  (02103000)  is 
located  just  upstream  of  Fort  Bragg  near  Manchester,  NC  and  was  operational 
from  1939  to  1950,  and  2002  to  the  present;  thus  a  2000  baseline  figure  can¬ 
not  be  obtained  from  this  gage  either.  The  only  gage  along  the  Little  River  or 
any  tributary  of  the  Little  River  that  was  in  operation  during  2000  is  gage 
02102908  located  on  Flat  Creek,  upstream  of  the  Linden  gage,  near  Inver¬ 
ness,  NC.  This  gage  has  been  operated  continuously  from  1968  to  the  present. 


ERDC/CERl  TR-09-38 


84 


A  comparison  of  flows  at  the  Flat  Creek  gage  and  the  Linden  gage  during 
which  they  were  both  operational  was  used  to  determine  that  on  average  2.1 
percent  of  the  Little  River  flow  at  the  Linden  gage  originates  from  Flat  Creek. 
This  figure  was  used  to  determine  the  flow  at  the  Linden  gage  by  scaling  up 
the  2000  flow  at  Flat  Creek.  The  resulting  flow  was  estimated  to  be  347  MGD. 
Similar  methodology  determined  that  2.7  percent  of  the  flow  at  the  Manches¬ 
ter  gage  is  explained  by  Flat  Creek,  and  77  percent  of  the  flow  at  the  Manches¬ 
ter  gage  is  found  at  the  Linden  gage.  These  figures  were  used  to  estimate  the 
flow  at  the  Linden  gage  between  2003  and  2008  to  check  the  validity  of  thus 
method.  The  results  showed  that  scaling  the  flows  up  from  either  Flat  Creek 
or  Linden  were  within  an  average  of  6  percent  of  each  other  when  the  scaled 
flow  was  between  about  250  MGD  and  350  MGD.  but  were  not  accurate  for 
higher  flows.  Therefore,  this  methodology  is  acceptable  to  prepare  an  estimate 
for  the  2000  baseline  annual  flow  of  347  MGD. 

5.3.2. 1.4  Drivers  for  water  supply 

Each  component  of  the  regional  water  supply  is  driven  by  a  number  of  factors. 
The  Haw  and  Deep  Rivers  are  driven  by  variations  in  runoff,  basin  transfers, 
and  consumptive  use;  the  Upper  Cape  Fear  River  is  driven  by  dam  operations, 
runoff,  consumptive  use,  and  7Q10  requirements.  Dam  operations  and  7Q10 
requirements  for  the  Upper  Cape  Fear  River  and  the  7Q1  flow  for  the  Little 
River  are  pre-defined  as  follows  using  historical  data,  while  the  other  driving 
factors  require  further  analysis  when  projecting  water  supply  trends. 

Releases  of  water  from  the  .Iordan  Lake  Dam  are  accomplished  under  a  set  of 
operational  guidelines,  sometimes  called  a  rules  set.  Historical  data  maybe 
used  to  estimate  future  operational  patterns.  Figure  21  shows  a  relative  con¬ 
sistency  in  annual  Jordan  Lake  Dam  releases  as  a  function  of  annual  water 
flowing  in  from  the  Haw  River.  The  average  release  is  140  percent  of  the  flow 
coming  in  from  the  Haw  River.  This  average  decreases  to  133.5  percent  if  the 
outlier  of  331  percent  is  removed.  Therefore,  dam  releases  are  assumed  to  be 
>33-5  percent  of  the  flow  from  the  Haw  River  in  a  given  year  unless  the  flow  in 
the  Cape  Fear  River  drops  below  390  MGD.  It  is  assumed  that  the  levels  in  the 
dam  will  remain  constant  when  the  outflow’  is  kept  at  133.5  percent  of  the  in¬ 
flow  from  the  Haw  River. 

Annual  water  availability  is  determined  as  a  function  of  the  7Q10  flow  and  not 
annual  flow.  A  linear  trend  can  be  seen  in  the  plot  of  7Q1  as  a  percentage  of 
average  annual  flow  at  I-illington  (Figure  22).  This  linear  trend  is  used  to  es¬ 
timate  the  7Q1  flow  for  the  projected  Cape  Fear  Flows  so  a  7Q10  flow  may  be 
incorporated  for  available  water  supply.  Therefore  the  amount  of  water  avail¬ 
able  shall  be  20  percent  of  the  estimated  7Q10  flow  instead  of  the  annual  flow. 


Ratioof  7Q1  FI  to  Liihnglon  Gage  F  (%) 
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Figure  21-  Dam  'elease  ratio  vs.  flow  in  Haw  River  (USGSJ. 


Figure  22.  Average  annual  flows  in  Cape  Fear  watershed  (USGS). 
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Annual  Flow  I  MODI 


Figure  23.  UTOe  River  at  gage  02103500,  7Q1  flow  (l>SG$>. 

Historically  the  7Q1  flow  for  the  Little  River  has  consistently  been  between  10 
and  25  percent  of  the  flow  at  all  flow  levels  (Figure  23).  Therefore  the  7Q1 
flow  from  the  Little  River  will  be  set  at  17.5  percent  and  will  not  van*  with  flow 
level,  resulting  in  a  7Q1  flow  of  60.7  MGD.  This  value  lies  between  the  7Q2 
and  7Q10  estimate  of  Weaver  (2001),  and  therefore  seems  a  reasonable  esti¬ 
mate.  Although  the  7Q10  flow  of  the  Cape  Fear  River  has  dropped  signifi¬ 
cantly  since  Weaver’s  study  in  2001,  the  same  expectation  may  not  be  appro¬ 
priate  for  the  Little  River.  This  is  due  to  the  topography  of  the  Sand  Hills  area 
previously  discussed,  which  provides  more  consistent  and  higher  base  flows 
during  times  of  drought.  The  annual  flows  from  1998  to  2008  of  the  Haw, 
Deep,  and  Cape  Fear  Rivers  are  an  average  of  approximately  38  percent  lower 
than  pre-1998  flows.  Flat  Creek  has  only  seen  a  24  percent  decrease  in  flows, 
which  is  only  63  percent  of  the  decrease  experienced  by  these  major  rivers. 
Therefore  the  change  in  runoff  for  the  little  River  will  only  be  63  percent  of 
the  change  for  all  other  rivers  in  this  study. 

5 .3.2.2  Water  demand  model 

The  water  demand  for  the  nine  county  region  upstream  from  the  sources  for 
Foil  Bragg  is  based  on  the  initial  2000  consumption  (Table  12)  and  incorpo¬ 
rates  population  projections  for  the  selected  counties.  The  number  of  house¬ 
holds  in  the  upstream  region  is  expected  to  grow  at  the  same  rate  as  the  popu¬ 
lation.  It  is  also  assumed  that  the  total  public  system  residential  and 
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commercial  consumption  will  grow  with  the  population.  Industrial  uses  are 
projected  to  remain  constant  and  agricultural  uses  are  adjusted  downward 
each  year  at  half  the  percentage  of  the  growth  rate.  This  is  to  reflect  loss  of  ag¬ 
ricultural  land  to  residential  construction. 


5.3.2. 3  Model  results 

Table  12  lists  the  baseline  projection  for  the  region.  The  growth  in  consump¬ 
tion  expected  without  intensive  demand  management  is  projected  to  be  about 
45  percent  by  2040.  Figure  24  shows  the  withdrawal  projection  to  year  2040. 

Consumptive  usage  in  the  basin  is  expected  to  be  in  the  range  of  55  MGD  hv 
2040.  This  is  calculated  from  the  baseline  projection  of  total  withdrawals  of 
about  321  MGD  by  2040.  A  factor  of  about  17  percent  for  consumptive  usage 
versus  total  withdrawals  is  used  for  the  South  Atlantic-Gulf  region  (USGS 
I995)-  If  best  management  practices  were  put  into  effect  for  the  entire  up¬ 
stream  region,  the  total  withdrawals  and  consumptive  usage  could  be  reduced 
by  approximately  50  percent. 


Table  12.  Projected  upstream  water  withdrawals  {USGS.  NC  Demographer,  U.S.  Census). 
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Figure  24.  Fort  Bragg  upstream  region  projected  withdrawals  <ft»id). 
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5.3.3  Projecting  water  supply  and  demand  trends  In  the  Fort  Bragg  regional 

model 

The  objective  of  this  section  is  to  project  water  availability'  30  years  into  the 
future.  Therefore  the  2000  baseline  is  projected  to  the  year  2040  for  both  the 
supply  and  demand  models. 

5 .3.3.1  Water  supply  model 

Figure  25  shows  a  number  of  driving  factors  that  affect  the  components  of  re¬ 
gional  water  supply.  The  available  supply  is  directly  linked  to  the  change  in 
flows  in  the  rivers  upstream,  and  to  the  in-stream  flow  requirements.  The 
dam  release  and  7Q10  have  been  defined  using  historical  data.  Therefore  the 
following  scenarios  alter  the  runoff,  basin  transfers,  and  consumptive  use  of 
each  sub-basin. 

5.3.3.1.1  Scenario  1  -  Basin  transfers 

This  scenario  represents  the  most  likely  outcome  for  future  water  supply.  Pro¬ 
jections  in  climate  change  for  the  North  Carolina  region  vary  widely  from  less 
rain  to  more  rain,  but  they  all  show  an  increase  in  temperature.  A  weighted 
average  of  17  different  Global  Circulation  Models  (GCMs)  shows  that  an  in¬ 
crease  in  both  rain  and  temperature  for  the  region  should  be  expected  (Cai  et 
al.  2008).  Increased  rain  would  suggest  more  river  flow,  while  increased  tem¬ 
perature  would  indicate  less  flow  in  rivers  due  to  increased  evaporation.  This 
makes  predicting  the  impact  on  river  flows  extremely  difficult.  Therefore,  Sce¬ 
nario  1  assumes  no  change  in  runoff  within  the  river.  The  North  Carolina  Di¬ 
vision  of  Water  Resources  2002  Draft  of  the  Cape  Fear  River  Basin  Water 
Supply  Plan  projects  changes  in  basin  transfers  out  to  the  year  2050.  It  sug¬ 
gests  that  the  Deep  River  Sub-Basin  may  expect  transfers  into  the  basin  to  in¬ 
crease  by  0.5  MGD  by  2040,  while  the  Haw  River  Sub-Basin  should  expect  to 
see  a  net  change  in  transfers  of  approximately  8  MGD  leaving  the  basin. 


Figure  25.  Fort  Bragg  Water  Supply  Model. 
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Tlie  demand  model  projects  the  withdrawals  in  the  basin  to  be  approximately 
320  MGD  by  2040  with  a  consumptive  use  of  about  55  MGD.  With  increased 
temperatures  of  climate  change  leading  to  increased  evaporation,  consump¬ 
tive  use  would  be  expected  to  increase.  This  would  be  due  to  increased  irriga¬ 
tion  in  the  agricultural  and  public  use  sectors.  For  this  scenario,  no  change  in 
the  consumptive  percentage  was  assumed. 

5.3.3. 1.2  Scenario  2  -  Climate  change 

This  scenario  builds  on  the  basin  transfers  from  the  previous  scenario,  and 
evaluates  the  effects  of  less  rain  and  more  evaporation,  which  some  models 
have  suggested  for  this  region.  The  2007  droughts  were  the  worst  in  over  too 
years,  and  could  have  been  caused  by  various  climate  cycles  such  as  the  Pa¬ 
cific  Decadal  Oscillation,  El  Nino,  and  the  North  Atlantic  Oscillation  coincid¬ 
ing  with  one  another.  Scenario  2  analyzes  the  effects  if  this  type  of  climate 
scenario  becomes  the  norm.  During  the  2007  droughts,  streams  were  charac¬ 
terized  as  having  10-24  percent  of  their  historical  average  flow  (Marstel  Day 
2008).  Flows  have  already  decreased  about  38  percent  from  pre-1998  flows. 
Therefore  another  37  percent  decrease  from  the  2000  baseline  is  applied  in 
this  scenario,  and  the  basin  transfers  from  Scenario  1  are  retained.  The  de¬ 
mand  model  projects  the  withdrawals  in  the  basin  to  be  approximately  320 
MGD  by  2040  with  a  consumptive  use  of  about  55  MGD.  With  climate  change 
and  increased  evaporation,  consumptive  use  would  be  expected  to  increase 
from  17  percent  to  25  percent. 

5.3.3.1.3  Scenario  3  -  Worst  case 

This  scenario  represents  a  worst  case  scenario  that  inflates  the  effects  of  all  of 
the  scenarios.  This  scenario  assumes  that  the  Deep  River  basin  experiences  no 
transfers  into  the  basin,  while  the  transfers  out  of  the  Haw  River  basin  con¬ 
tinue  to  increase.  It  is  possible  that  Haw  River  Basin  transfers  could  increase 
significantly  if  cities  such  as  Raleigh  located  outside  of  the  Cape  Fear  Water¬ 
shed  are  to  obtain  water  from  Lake  Jordan  as  proposed  in  a  recent  Raleigh 
News  and  Observer  editorial  (Marstel  Day  2008).  Here  again  the  demand 
model  projects  the  withdrawals  in  the  basin  to  be  approximately  320  MGD  by 
2040  with  a  consumptive  use  of  about  55  MGD.  With  climate  change  and  in¬ 
creased  evaporation,  consumptive  use  would  be  expected  to  increase  to  25 
percent  of  withdrawals  or  about  80  MGD.  This  scenario  assumes  a  change  in 
runoff  from  Scenario  2  to  a  50  percent  decrease. 

5.3.3. 1.4  Model  results  of  the  Tort  Bragg  regional  water  supply  model 

The  basin  transfers  described  in  Scenario  1  play  a  small  role  in  water  avail¬ 
ability  when  compared  to  the  climate  change  of  Scenario  2  (Table  13). 
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Table  13.  Summary  of  Fort  Braes  Regional  Scenario!  (MGD)  (derived  from  USGS  data). 


Fori  Bragg  Region 
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42 
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86 

86 

68 
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Although  the  most  likely  scenario  shows  no  major  impacts  from  climate 
change  due  to  the  annual  offset  between  increased  precipitation  and  tempera¬ 
ture,  another  expected  effect  of  climate  change  will  likely  he  shorter  and  more 
intense  storms.  This  could  pose  higher  day-to-day  or  even  month-to-month 
water  availability  risks  than  currently  experienced  in  the  region. 

The  Fort  Bragg  regions  water  situation  will  remain  essentially  viable  for  con¬ 
tinued  civic  life  and  installation  operation  if  leaders  pursue  sound  TWM  prac¬ 
tices,  and  implement  forward-thinking,  conservation  best  practices.  However, 
increasingly  variable  hydrologic  peaks  and  lows  threaten  higher  storm  flows 
that  alternate  with  more  severe  droughts.  Planning  should  account  for  these 
extremes. 

In  fact,  North  Carolina's  drought  management  polity  mandates  increasingly 
stringent  conservation  measures  whenever  the  region  descends  deeper  into 
drought.  The  state  government  has  also  recently  moved  towards  more  strin¬ 
gent  regulation  governed  by  central  authority,  and  future  movements  in  the 
same  direction  might  be  anticipated  if  extreme  water  events  increase.  The 
state  assembly  recently  passed  legislation  (Session  Law  2008-143,  H  2499 
Drought/Water  Management  Recommendations),  signed  into  law  by  Gover¬ 
nor  Easley,  that  seals  a  gap  in  prior  legislation.  The  new  law  requires  imple¬ 
mentation  within  10  days  of  drought  response  indicators  where  previous 
measures  required  "water  systems  to  develop  water  shortage  response  meas¬ 
ures,  but  left  decisions  about  implementation  to  the  [local]  water  system" 
(Session  Law  2008-143  Summary).  The  legislation  also  gives  the  Department 
of  Environment  and  Natural  Resources  the  authority  to  "require  a  water  sys¬ 
tem  to  begin  implementing  the  first  tier  of  water  conservation  in  its  water 
shortage  plan”  given  further  conditions,  moving  to  the  second  tier  given  addi¬ 
tional  prerequisites,  etc.,  amounting  to  a  forceful  basis  of  requirements. 

5.3.3. 1.5  Fort  Braga  summary 

This  study  has  only  evaluated  the  overall  annual  availability  of  water  (Figures 
26, 27,  and  28).  Further  work  may  be  necessary  to  assess  the  full  day-to-day 
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impacts  of  the  dry  season.  Average  annual  flow  from  1982-1998  is  over  30 
percent  higher  than  1999-2008  for  all  three  rivers.  The  recent  extreme 
drought  conditions  experienced  in  this  region  could  be  cyclical  in  nature  due 
to  a  multi-decadal  climate  pattern.  Tree  rings  dating  back  to  the  I2,h  century 
have  shown  periods  of  even  more  intense  droughts  experienced  in  this  region 
(Marstel  Day  2008).  Therefore  measures  should  be  taken  to  prepare  for  such 
extreme  events. 


Figure  26.  Fort  Bragg  water  availability  baBe  case  (Ibid). 


Figure  27.  Fort  Bragg  water  availability  with  climate  change  (lb*). 
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Figure  28.  Fort  Bragg  water  availability  worst  case  (Ibtdt. 


Runoff  was  the  greatest  contributor  to  available  water  in  the  river  system,  and 
more  intense  storms  lead  to  greater  peak  runoff  flows  in  the  river,  followed  by 
more  marked  periods  of  low  flow. 

A  study  of  land  use  changes  in  the  region  projected  a  1  percent  increase  in  im¬ 
pervious  surfaces  by  the  year  2030  (Jenicek  et  al.  2006).  This  produced  only  a 
0.01  percent  increase  in  the  annual  volume  of  runoff  water.  Another  probable 
result  of  increased  impervious  surfaces  would  be  a  decreased  runoff  time, 
which  leads  to  lower  flows  during  drought  periods,  because  there  is  less  natu¬ 
ral  storage.  This  is  consistent  with  most  theories  of  the  effects  of  expanding 
urban  areas  on  river  flows.  Therefore  both  changes  in  climate  and  land  use, 
could  lead  to  relatively  the  same  volume  of  water  in  the  river  each  year,  but 
decreased  base  flows  during  drought  periods.  This  could  create  more  extreme 
events  such  as  flooding  and  droughts,  instead  of  a  constant  water  supply. 
These  conditions  make  it  difficult  for  the  Jordan  Dam  operators  to  maintain 
the  target  flows  at  Lillington  as  seen  during  the  recent  droughts  (also  see 
Figure  22,  p  85).  Land  development  policy  that  includes  stormwater  conser¬ 
vation  can  help  mitigate  the  negative  effects  of  increased  storm  flow  and  de¬ 
creased  runoff  time.  Such  policy  can  be  designed  to  encourage  construction 
and  use  of  building-level  water  systems  that  increase  conservation  of  water 
designated  for  human  use.  Installations  that  gradually  phase  in  such  land  sys¬ 
tems  alongside  in-building  conservation  practices  take  one  step  further  onto 
high  ground. 
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While  groundwater  only  makes  up  about  20  percent  of  the  water  usage  in  the 
Foil  Bragg  region,  domestic  water  and  water  used  for  irrigation  and  livestock 
comes  from  aquifers.  If  the  region's  major  cities  develop  in  sprawling  "ex- 
urbs"— a  danger  in  Fayetteville,  as  in  other  cities  nationwide- -a  time  may 
come  when  outskirt  landowners  are  driven  to  drill  wells  and  rely  further  on 
groundwater  to  see  them  through  drought  conditions,  especially  in  places 
where  municipal  infrastructure  does  not  extend.  The  river  system  draws  sig¬ 
nificant  base  flow  from  the  groundwater  system  ("gaining  streams")  as  sur¬ 
face  water  recharges  from  well  water,  because  groundwater  pumping  is  not 
currently  taking  place.  With  increased  well  pumping,  however,  the  beginning 
stages  of  groundwater  depletion  could  cause  a  decrease  in  base  flow.  Exam¬ 
ples  of  thus  effect  can  be  found  elsewhere  in  the  nation.  In  the  Southwest,  the 
Rio  Grande  is  just  such  a  "losing  stream."  Groundwater  pumping  gave  rise  to 
this  situation.  In  the  Bragg  region,  such  a  shift  would  represent  a  major  shift 
in  water  supply,  or  lack  thereof. 

Harnett  County  DPU’s  current  treatment  capacity  of  x8  MGD  is  being  up¬ 
graded  to  36  MGD.  Fayetteville  PWC's  current  treatment  capacity  is  57.5 
MGD  and  an  upgrade  is  being  considered  that  would  raise  their  total  treat¬ 
ment  capacity  from  57-5  to  88  MGD.  Fort  Bragg  agreements  allow  up  to  8 
MGD  from  each  municipality  (Marstel  Day  2008).  The  projected  water  with¬ 
drawal  for  Harnett  County  in  2040  is  about  20  MGD  (not  considering  Fort 
Bragg's  demand).  Fort  Bragg's  demand  is  expected  to  be  about  6  MGD  with 
peaks  up  to  about  10-11  MGD. 

The  projected  capacity  of  the  water  plants  in  Harnett  County  and  Fayetteville 
are  within  the  projected  demands  on  an  annual  basis.  There  may  be  times 
when  peak  demands  become  problematic  when  stream  flows  are  at  a  mini¬ 
mum.  Harnett  County  estimates  that  their  water  supply  intake  could  not  op¬ 
erate  when  the  flow  at  I-illington  is  less  that  123  MGD.  This  point  is  not 
reached  in  any  of  the  scenarios.  It  has  been  proposed  that  all  municipalities 
reduce  their  withdrawal  by  20  percent  if  the  target  flow  at  I illington  is 
dropped  to  around  194  MGD  (NCDWR,  December  2002). 

5.3.4  Water  sustainability  assessment  of  the  Fort  Bragg  regional  model 

Because  of  these  strict  requirements,  this  report  recommends  that  planning 
for  increasingly  extreme  drought-flood  cycles  should  involve  the  gradual  im¬ 
plementation  of  best  management  water  conservation  practices,  discussed  in 
detail  in  a  later  section,  beginning  as  soon  as  feasible.  Installations  that  begin 
to  implement  these  measures,  and  thus  build  a  strong  basis  for  future  drought 
management  rapid  response  (now  becoming  a  state  requirement),  will  lead 
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the  way  to  environmental  sustainability  in  the  region  and  safeguard  mission 
sustainment.  Fort  Bragg's  aggressive  water  conservation  program  at  the  turn 
of  this  century  may  make  additional  gains  in  efficiency  more  difficult  to 
achieve.  Anticipated  increases  in  water  pricing  nation  wide  will  improve 
monetary  payback  for  water  conservation  projects.  Implementing  a  program 
of  total  water  management  can  prepare  an  installation  for  fluctuations  in  wa¬ 
ter  availability  while  easing  the  affects  of  extreme  storm  events  and  increasing 
water  security  and  independence  through  retention  and  reuse  of  both  storm¬ 
water  and  gray  water  where  applicable. 

5.4  Case  Study:  Fort  Bliss,  TX 

In  1848,  the  War  Department  established  an  installation  by  the  name  of  The 
Post  opposite  of  El  Paso.  Relocated  in  1854  and  renamed  Fort  Bliss,  the  in¬ 
stallation  now  covers  1.1  million  acres  of  land  stretching  across  the  far  west¬ 
ern  tip  of  Texas  north  into  New  Mexico.  With  9,330  soldiers  stationed  at  Fort 
Bliss  in  2005,  an  additional  28,000  are  planned  in  response  to  several  Army 
transformation  initiatives.  The  installation  is  home  to  the  regional  military 
community  units  of  the  32nd  Army  Air  and  Missile  Defense  Command,  nth 
Air  Defense  Artillery  Brigade,  the  108th  Air  Defense  Artillery  Brigade,  31st  Air 
Defense  Artillery  Brigade,  4-1  Cavalry,  the  204th  MI  Battalion,  and  the  978th 
Military  Police  Company.  Fort  Bliss  represents  the  Army's  center  for  the  edu¬ 
cation  and  training  of  Air  Defense  Artillery  soldiers  and  units.  It  also  hosts  the 
Army's  Sergeants  Major  Academy.  The  Base  Realignment  and  Closure 
(BRAC),  Army  Modular  Force  (AMF),  (ilobal  Defense  Posture  Realignment 
(GDPR),  and  Army  Campaign  Plan  <ACP)/ Grow  the  Army  initiatives  will  tri¬ 
ple  Fort  Bliss'  active  duty  population  by  2013.  This  will  result  in  a  net  increase 
of  nearly  38,000  family  members  (Fort  Bliss  Transformation  Brief  Jan  2009). 
There  is  S4.6B  in  planned  construction  on-post  alone.  The  area  surrounding 
Fort  Bliss  is  also  experiencing  rapid  growth,  as  is  the  adjacent  region  across 
the  international  border  in  Mexico,  which  suggests  the  need  for  a  review'  of 
current  and  future  regional  water  sources.  This  study  reviews  the  potential  for 
water  scarcity  using  a  regional  water  balance  and  suggests  policies  that  may 
aide  in  maintaining  a  sustainable  supply  of  water  to  this  growing  region. 

5.4.1  Regional  characterization  of  Fort  Bliss 

The  following  paragraphs  describe  the  natural  and  human  systems  that  define 
the  Fort  Bliss  region  and  influence  development  and  outcomes  of  the  regional 
water  balance. 
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5.4. 1.1  Demographic  trends 

El  Paso  is  the  cultural  center  of  the  Southwest,  enriched  for  more  than  four 
centuries  by  contributions  from  Native  Americans,  Spanish  settlers,  and 
European  and  Asian  immigrants.  The  first  decennial  Federal  Census  that  in¬ 
cluded  El  Paso  was  in  1890,  and  listed  10,000  residents.  El  Paso  now  has  a 
population  of  over  700,000,  and  its  sister  city  of  Ciudad  .Juarez  south  of  the 
border  boasts  1.4  million  residents.  El  Paso  is  the  fourth  most  populous  city  in 
Texas.  Combined  with  Ciudad  Juarez,  the  metropolitan  area  forms  the  largest 
population  center  on  any  international  border  in  the  world.  About  2.2  million 
live  in  the  area.  El  Paso  is  the  nation's  third  fastest  growing  metropolitan  area 
and  has  been  a  focal  point  of  trade  and  development  in  the  region.  The  pro¬ 
jected  population  for  El  Paso  County  is  about  1.5  million  by  2050  (FWTWPG 
2006).  For  Ciudad  Juarez,  which  draws  on  the  same  water  sources,  the  popu¬ 
lation  for  2050  is  expected  to  be  over  3.2  million  (Peach  2003).  This  increase 
puts  tremendous  long-term  stress  on  the  water  supplies,  both  currently  and 
for  the  future.  Figure  29  shows  the  population  trends  for  the  region.  Figure  30 
shows  a  map  of  the  political  boundaries  in  the  Fort  Bliss  region.  Note  that  the 
shape  of  Juarez  was  derived  from  Google  Earth  orthophotography  and  repre¬ 
sents  notional  (not  official)  bounds,  which  is  provided  for  context.  Inaccura¬ 
cies  should  not  be  construed  as  a  statement  of  intent  or  representation  of  cur¬ 
rent  or  future  planning  motivations. 


Figure  29.  Fort  Bliss  regional  population  growth  projections  (U.S.  Census). 
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Figure  30.  Fort  Bliss  pO tlcal  Boundaries  map  (U.S.  Census.  National  Atlas.  USGS,  Google  Earth 

orthophotos). 


5 .4.1.2  Water  sources 

The  region  surrounding  Fort  Bliss  relies  on  water  withdrawals  from  the  Me- 
silla  Bolson  and  Hueco  Bolson  Aquifers  and  the  Rio  Grande  River.  The  Rio 
Grande  River  is  the  fourth  longest  river  in  the  United  States.  It  originates  in 
Colorado,  travels  through  New  Mexico,  and  acts  as  the  border  between  Texas 
and  Mexico  before  discharging  into  the  Gulf  of  Mexico.  The  river’s  origin  is  in 
the  snow  fields  of  the  San  Juan  Mountains  of  southern  Colorado  and  the  San- 
gre  de  Cristo  Mountains  of  northern  New  Mexico.  It  flows  through  the  Chi- 
huahuan  Desert  and  through  the  cities  of  Albuquerque,  Las  Cruces,  El  Paso, 
and  Juarez.  Flow  is  augmented  by  diversions  from  the  Colorado  River  Basin 
via  the  San  Juan-Chama  Project  and  by  groundwater  and  available  surface 
water  pumped  out  of  the  San  Luis  Valley  Basin.  The  Rio  Grande’s  flow  is  a 
highly  sought  after  commodity  and  has  been  appropriated  through  Interna¬ 
tional  Treaties  and  State  Compacts  (Figure  31). 
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1944  Inloriulional  Treaty:  Allocation 


Figure  31.  Regulations  affecting  the  Rio  Figure  32.  1944  International  treaty  allocations 

GrontJo  Includo  International  treaty  (TWDB). 

requirements  (Texas  Water  Development 
Board  (TWDB).  The  Watercourse,  USGS.  US. 

Census). 

The  Treaty  of  1906  with  Mexico  cedes  that  country  60,000  acre-feet  (53.6 
MGD)  of  water  during  non-drought  years.  The  Rio  Grande  Compact  was 
signed  in  1939  between  Colorado,  New  Mexico,  and  Texas  and  apportions  wa¬ 
ter  between  the  states  based  on  the  amount  of  flow  present  at  certain  gages 
along  the  river.  The  1944  International  Treaty  "addresses  the  waters  in  the 
international  segment  of  the  Rio  Grande  from  Fort  Quitman,  TX  to  the  Gulf  of 
Mexico"  (FWTWPG  2006).  "The  Treaty  allocated  water  in  the  river  based  on 
percentage  of  flows  in  the  River  from  each  county's  tributaries  to  the  Rio 
Grande"  (Figure  32). 

The  control  point  for  providing  water  to  Mexico  and  Texas  is  at  the  Caballo 
Dam  in  New  Mexico  approximately  120  miles  north  of  El  Paso  (Figure  33). 
There  are  no  major  tributaries  between  this  dam  and  the  city  of  El  Paso.  The 
Rio  Grande  is  often  a  dry  river  bed  south  of  Ell  Paso  due  to  the  restriction  of 
natural  flow  and  heavy  use.  In  the  past,  the  river  was  a  gaining  stream,  as  the 
aquifers  provided  water  to  the  Rio  Grande  River.  Due  to  substantial  pumping 
and  declining  aquifer  levels  in  the  Fort  Bliss  region,  the  Rio  Grande  is  now  a 
losing  stream,  as  water  seeps  from  the  river  bed  into  the  aquifers. 
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Rio  Grande  Project  Area 


Figure  33.  Agerxiles  supervise  and  allocate  Rk>  Grande  Project  water 
(Turner  el.  al  TWDB.  USGS.  U.S.  Census.  The  Watercourse). 

Although  the  entire  Rio  Grande  aquifer  system  stretches  from  the  north  in 
Colorado  to  the  south  into  Mexico,  it  is  composed  of  many  different  aquifers. 
These  aquifers  may  have  all  been  hydraulically  connected  at  some  point  in  the 
past,  but  this  is  not  necessarily  the  case  anymore.  While  the  Mesilla  Bolson 
Aquifer  (Mesilla)  and  Hueco  Bolson  Aquifers  (Hueco)  are  connected  at  what 
is  termed  'The  Narrows,"  it  is  estimated  that  less  than  26  MGD  of  water  is 
transported  from  the  Hueco  to  the  Mesilla  (Heywood  2003).  The  Mesilla  lies 
mostly  in  New  Mexico  and  Mexico,  but  also  extends  into  El  Paso  County, 
Texas,  which  lies  between  the  Rio  Grande  River  and  the  Franklin  Mountain 
Range.  The  flows  in  the  Mesilla  Bolson  are  generally  to  the  southeast,  parallel 
to  the  flow  of  the  Rio  Grande  River. 

The  aquifer  is  recharged  by  infiltration  of  water  around  the  basin  edges  and 
seepage  from  the  Rio  Grande  River.  It  is  estimated  in  1996  that  over  267  bil¬ 
lion  gallons  of  freshwater  were  available,  and  another  98  billion  gallons  of 
slightly  saline  water  were  available  in  the  Mesilla  (Ryder  1996).  The  Hueco  is 
situated  in  parts  of  New  Mexico,  Texas,  and  Mexico  as  well,  but  lies  to  the 
East  of  the  Mesilla  Bolson  Aquifer  between  the  Franklin  and  Hueco  Mountain 
Ranges.  The  aquifer  most  likely  obtains  much  of  its  recharge  from  the  Tula- 
rosa  Aquifer  to  the  north.  The  aquifer  is  recharged  at  the  base  of  the  Franklin 
Mountain  Range.  The  Hueco  Bolson  naturally  flows  from  North  to  South,  but 
pumping  has  caused  localized  shifts  in  this  flow.  It  is  estimated  that  just  be¬ 
tween  the  Texas-New  Mexico  Border  and  the  City  of  El  Paso  approximately 
2.9  to  3.3  trillion  gallons  of  freshwater  is  available,  with  vast  amounts  of 
slightly  saline  water  also  available. 
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5.4. 1.3  Wes  fern  Mater  rights  upstream  -  New  Mexico 

Foil  Bliss  is  affected  by  water  rights  in  New  Mexico  in  several  ways.  The  train¬ 
ing  ranges  associated  with  the  installation  extend  northward  into  New  Mexico 
and  obtain  water  based  on  the  local  set  of  water  compacts,  treaties,  and 
agreements.  In  addition,  there  is  increasing  interest  among  cities  in  New 
Mexico  to  gain  access  to  additional  waters  from  the  Rio  Grande  River.  The  fol¬ 
lowing  summary  of  the  water  rights  of  upstream  users  in  New  Mexico  largely 
summarizes  the  narrative  in  Discover  a  Watershed:  Rio  Grande/Rio  Bravo 
(2001)  except  where  otherwise  noted.  This  synopsis  is  important  in  that  it  en¬ 
ables  users  and  managers  to  think  of  water  systems'  interconnectedness  and 
the  potential  for  upstream  conflict  affecting  downstream  supply. 

In  most  years  New  Mexico  is  allowed  to  use  393,000  acre-feet  (AF)  of  water 
between  Otowi,  a  stream  flow  gage  that  measures  New  Mexico’s  compliance 
with  the  Rio  Grande  Compact,  and  Elephant  Butte  Dam,  which  lies  less  than 
50  miles  south  of  Bosque  del  Apache,  where  New  Mexico  delivers  water  to 
Texas  under  the  Rio  Grande  Compact. 

Upstream  locations  have  developed  water  policy  and  facilities  that  will  impact 
downstream  availability  to  a  greater  extent  than  in  the  past.  According  to  the 
terms  of  an  agreement  (the  San  Juan-Chama  Project),  each  year  the  cities 
have  a  right  to  50,000  acre-feet  of  water  that  has  been  diverted  from  the 
Colorado  River  to  the  Rio  Grande.  In  the  San  Juan-Chama  Project,  water 
flows  through  tunnels  under  the  Continental  Divide  from  the  San  Juan  River 
to  the  Chama  River,  where  it  is  stored  at  Abiquiu  Lake. 

Albuquerque  completed  its  San  Juan-Chama  drinking  water  project  in  2008. 
On  completion,  the  city  "(made]  surface  water  in  to  the  area’s  primary  drink¬ 
ing  water  source  for  the  first  time”  through  treatment  at  a  new  surface  water 
plant  to  provide  an  eventual  70  to  90  percent  of  the  520.000  person  city's  po¬ 
table  demand  (Albuquerque  Bernalillo  Countv'  Water  Utility  Authority 
(WUA),  hito.'7»w/».aDcwua.&re/con'envnew/3i/2'i/).  The  project  also  entails  provisions 
and  systems  for  the  silvery  minnow  habitat  protection. 

From  Coehiti  to  Bosque  del  Apache,  a  protected  refuge  with  7,000  acres  of 
flood  plain,  the  Middle  Rio  Grande  Conservancy  District  extracts  water  for 
irrigation,  diverts  it  to  farms,  and  returns  water  that  is  unused  or  collected 
from  a  drainage  system  and  puts  it  back  into  the  river.  State  law  authorizes 
them  to  do  this. 
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Water  rights  in  New  Mexico  are  governed  by  the  doctrine  of  prior  appropria¬ 
tion,  which  regulates  water  use  based  on  water  users’  priority  of  rights’.  A 
state  engineer,  appointed  by  the  governor  and  confirmed  by  the  state  senate, 
assumes  broad  authority  for  the  supervision,  measurement,  appropriation, 
and  distribution  of  the  state's  water  (Wolfe  1996,  as  cited  in  Discover  a  Wu- 
tershed).  Unlike  El  Paso's  water  law,  New  Mexico's  regulates  groundwater  us¬ 
age  in  many  "declared  groundwater  basins"  under  the  auspices  of  the  state 
engineer.  Recent  state  legislation  has  moved  toward  regulating  deep  under¬ 
ground  basins  as  well,  which  has  inspired  purported  efforts  to  submit  well 
applications  to  the  state  engineer  prior  to  the  effectual  period  of  such  a  law. 

In  drought  times,  the  Office  of  the  State  Engineer  issues  a  “priority  call’’  as  a 
last  resort.  At  this  point,  those  with  most  senior  rights  receive  their  needed 
allotment  as  determined  by  law,  followed  by  those  with  more  junior  rights. 
Water  cuts  begin  down  the  rights  chain,  with  the  most  junior  receiving  cuts 
the  earliest.  "The  state’s  surface  water  supply  and  most  of  the  groundwater 
supply  is  fully  or  over  appropriated.  If  all  the  water  right  permits,  licenses, 
and  declarations  were  fully  exercised  today,  current  supply  would  not  meet 
demand"  (New  Mexico  Office  of  the  State  Engineer,  nnp:y  /wwa.ose.state.nm.us/  fao 
irciei.html).  Therefore,  the  state  engineer  encourages  "voluntary  agreements 
among  water  users”  so  that  it  does  not  have  to  implement  “full  priority  ad¬ 
ministration,"  where  water  management  is  totally  governed  by  regulated  prior 
appropriation.  These  agreements  can  include  water  banking. 

The  obligation  to  deliver  a  certain  amount  of  water  downstream,  particularly 
during  low  rainfall  years,  has  become  more  concerning  in  recent  years,  as  the 
Rio  Grande  Compact  was  drawn  up  at  a  time  before  most  current  land  devel¬ 
opment  and  water  use  began.  “Water  users  who  were  not  represented  in  the 
past  have  been  given  a  voice  in  the  present,"  including  water  for  the  needs  of 
native  species  and  for  sustaining  riparian  habitat  that  was  not  part  of  the  1938 
Law  (the  Rio  Grande  Compact]. 

Federal  reserved  water  rights  also  play  a  huge  role  in  New  Mexico  water  law, 
since  46  percent  of  New  Mexico  land  is  Federally  owned.  Landmark  U.S.  Su¬ 
preme  Court  rulings  established  that  Indian  reservations 

"may  reserve  water  for  tutu  re  use  in  an  amount  necessaiy  to  fulfill  the  pur¬ 
pose  ot  the  reservation,  with  a  priority  | seniority)  dating  from  the  treaty  that 
established  the  reservation"  (Federal  Bureau  of  land  Management. 
http://wv»vy.DlPi.eov'nst:/VVaterUm,5.i’feam<er.elwater.tuml). 


•  See  Cliapter  3  kn  a  detailed  dee^uption  ot  water  rignts. 
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More  recent  rulings  established  precedent  that  Federal  rights  holders  must 
still  enter  the  state  adjudication  process,  although  this  process  cannot  deny 
rightful  seniority.  The  court  later  extended  this  doctrine  to  other  Federal 
lands,  like  Army  installations,  while  curbing  its  powers  to  include  “only  the 
minimum  amount  of  water  necessary  to  fulfill  the  purpose  of  the  reservation," 
making  metering  and  quantification  measures  for  customers  important  if  they 
are  to  attain  their  rights. 

State  water  administrators  and  water  rights  holders  fear  that  existing  water 
allocation  regimes  will  be  disrupted  once  reserved  rights  are  exercised.  How¬ 
ever,  states  cannot  prevent  the  eventual  exercise  of  these  Federal  property 
rights  in  water  (Wolfe  1996  as  cited  ibid).  The  recently  passed  Omnibus  Pub¬ 
lic  Land  Management  Act  of  2009  (H.R.  146)  included  portions  sponsored  by 
Senator  Bingaman  of  New  Mexico  that  authorized  significant  water  supply 
delivery  to  the  Navajo  Nation  as  the  result  of  litigation  settlement  between  the 
tribe  and  the  state. 

Pueblo  tribes  can  also  secure  water  through  litigation  and  negotiation.  Non- 
Indian  irrigators  recognize  that  the  Pueblos  have  senior  rights  and  are  concerned 
that  in  drought  years  -  if  the  Indians  choose  to  exercise  their  full  right  -  they 
may  not  receive  their  appropriation  ( Discover  a  Watershed ,  48).  Two  bills  in  the 
2009  congressional  session  have  made  it  to  committee,  encompassing  rights 
claims  by  the  Pueblos  of  Taos,  Nambe,  Pojoaque,  San  Ildet'onso,  and  Tesuque  (S. 
965  and  S.  1105). 

5.4.1. 4  Climate 

The  El  Paso  region  is  located  in  the  Chihuahuan  Desert  ecosystem,  which  is 
characterized  as  arid  and  warm  with  very  hot  summers  and  mild,  dry  winters. 
The  average  annual  temperature  and  precipitation  (1961  -  1990)  in  the  basin 
was  around  60  °F  and  10  inches,  respectively  in  the  El  Paso  area  (Owenby  et 
al.  2001).  The  highest  rainfall  generally  occurs  during  .July,  August,  and  Sep¬ 
tember  with  the  lowest  values  generally  seen  during  March  and  April  in  the 
Fort  Bliss  Region.  The  annual  potential  evaporation  greatly  exceeds  the  an¬ 
nual  precipitation,  which  leads  to  the  very  dry  conditions  and  high  evapora¬ 
tion  rates.  The  average  annual  stream  flow  just  below  the  Caballo  dam  (1961- 
2006)  has  been  589  MGD,  with  the  lowest  annual  average  occurring  in  1964 
at  just  over  180  MGD. 

5.4. 1.5  Topography 

Fort  Bliss  is  located  in  the  southeast  portion  of  what  Is  termed  the  Basin  and 
Range  physiographic  province.  This  area  is  characterized  by  isolated,  nearly 
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parallel  mountain  ranges  separated  by  broad  flat  basins,  or  bolsons,  in  Span¬ 
ish.  The  Rio  Grande  formerly  flowed  between  the  Franklin  and  Hueco  Moun¬ 
tain  Ranges,  but  over  the  years  has  cut  a  pass  through  the  Franklin  Mountain 
Range.  El  Paso  literally  means  “the  pass"  in  Spanish  and  refers  to  the  pass 
that  the  river  cuts  through  mountains  on  either  side.  These  mountain  ranges 
generally  consist  of  sedimentary  rock  with  some  igneous  intrusions.  The 
highest  point  in  the  Hueco  Range  is  around  6800  feet  and  the  Franklin  Range 
tops  out  at  7200  feet.  Both  the  Mesilla  and  Hueco  basins  below  lie  at  around 
4000  feet  and  are  composed  of  fine  sands,  clays,  silts,  and  gravels  worn  down 
from  the  mountains  over  the  years.  These  materials  are  prime  deposits  for 
holding  stores  of  water. 

5 .4.1.6  Land  use 

The  El  Paso-Las  Cruces  Sub-basin  is  dominated  by  rangeland,  which  com¬ 
poses  over  86  percent  of  the  land  use  in  the  region  according  to  2001  land  use 
data  from  the  USGS  Land  Cover  Analysis  Tool  (imp:/ icatusEi.gov).  Figure  34 
shows  that  the  major  land  use  change  between  1992  and  2001  was  due  to  ur¬ 
banization  of  rangeland.  The  impacts  of  this  change  are  very  dependent  on 
the  location  of  urbanization,  and  could  decrease  aquifer  recharge  if  develop¬ 
ment  occurs  in  areas  along  the  mountains  and  other  high  recharge  areas.  The 
croplands  in  the  region  are  mainly  located  along  either  side  of  the  Rio  Grande 
River  as  this  is  the  major  source  of  irrigation  water. 
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Figure  34.  Fort  Bits*  regional  lano  use  (USGS). 
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Historic  water  demand 

Tlie  water  in  the  Rio  Grande  River  that  flows  to  Texas  is  apportioned  accord¬ 
ing  to  the  Rio  Grande  Compact,  and  further  defined  by  the  Operating  Agree¬ 
ment  for  the  Rio  Grande  Project  signed  in  March  2008.  ’Ihis  agreement  was 
overseen  by  the  Bureau  of  Reclamation,  the  Elephant  Butte  Irrigation  District, 
and  the  El  Paso  County  Water  Improvement  District  No.  1  (EPCWID),  which 
oversees  water  rights  in  El  Paso  County.  Most  of  the  Rio  Grande  is  used  for 
irrigation  purposes,  but  some  of  these  rights  may  not  be  exercised  as  farmers 
sell  land  to  developers. 

According  to  Texas  state  law,  the  Mesilla  Bolson  and  Hueco  Bolson  aquifers 
may  be  pumped  by  anyone  owning  land  over  which  the  aquifers  lie.  The  pri¬ 
mary  users  of  these  aquifers  are  the  municipalities  of  Ciudad  Juarez  and  El 
Paso,  and  Fort  Bliss.  El  Paso  Water  Utility  (EPWU)  pumping  in  the  Hueco 
Bolson  peaked  1989  at  about  80,000  acre-feet  per  year.  As  the  result  of  con¬ 
cerns  about  limited  water  availability  in  the  aquifers,  EPWU  increased  use  of 
Rio  Grande  water  by  purchasing  additional  water  rights.  Table  14  lists  the 
2000  water  consumption  in  the  Fort  Bliss  Region  by  major  user  and  end  use. 

5.4.2  Developing  the  Fort  Bliss  regional  model 

Fort  Bliss  currently  supplies  its  own  water  from  on-site  wells  that  draw  from 
the  Hueco  Bolson  Aquifer  and  maintains  an  emergency  supply  connection 
from  the  EPWU.  In  2007  the  EPWU  obtained  approximately  23  percent  of 
their  water  from  the  Hueco  Bolson  aquifer,  19  percent  from  the  Mesilla  Bol¬ 
son  aquifer,  and  58  percent  from  the  Rio  Grande  River  (EPWU,  accessed 
March  2009).  Ciudad  Juarez  draws  water  from  the  Hueco  and  has  plans  to 
tap  into  the  Mesilla  and  Bismarck's  aquifers  as  well.  The  other  major  water 
user  in  the  region  is  the  city  of  Las  Cruces.  NM  that  withdraws  water  from  the 
Mesilla  and  the  Jornada  del  Muerto  aquifers. 

Table  14.  Year  2000  water  use  in  the  Fort  Bliss  report  (MGD)  (USGS). 


Re g ion a I  Po pulation  and  Water  Consumption,  2000 


El 

Paso  County 

1 - 1 - - 

Ciudad  Juarez  F 

ort  Bliss 

Population 

679.622 

1,219.926 

Water  Consumption  (MGD) 

Municipal 

-.110 

129  2 

48 

Self- Supplied  Domestic 

90 

Self-Supplied  industrial 

13.2 

Water  Reuse 

35 

53  4 

Irrigation 

236  2 

154  5 

Total 

360.1 

230.3 
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Through  a  public-private  partnership.  Fort  Bliss  and  EPWU  constructed  a  de¬ 
salination  plant  to  tap  into  the  tremendous  stores  of  brackish  water  in  the 
Hueco.  This  plant  is  rated  to  produce  a  maximum  capacity  of  27.5  MGD  of 
fresh  water.  It  accomplishes  this  by  extracting  18.5  MGD  of  brackish  water 
from  which  it  produces  15.5  MGD  of  permeate,  or  desalted  water,  and  3  MGD 
of  concentrated  brackish  water.  The  concentrate  is  pumped  back  into  the  aq¬ 
uifer  at  a  location  where  it  should  not  migrate  into  the  freshwater  storage.  The 
permeate  is  blended  with  12  MGD  of  fresh  water  before  entering  the  water 
distribution  system  (EPWU,  accessed  March  2009).  There  is  currently  room 
for  another  3.5  MGD  expansion  of  the  plant,  for  a  total  of  30.5  MGD  plant  ca¬ 
pacity. 

5.4.2. 1  Water  supply  model 

The  year  2000  is  used  as  the  model  baseline  and  supply  is  projected  under 
several  alternate  future  scenarios  out  to  2040.  The  model  is  analyzed  at  the 
sub-basin  scale  for  the  Rio  Grande  River.  For  simplification,  the  Texas  por¬ 
tions  of  the  Hueco  Bolson  and  Mesilla  Bolson  Aquifers  are  considered  as 
separate  entities  within  the  Rio  Grande  Aquifer  System. 

5.4. 2. 1.1  El  Paso  -  Las  Cruces  sukbasin 
This  sub-basin  extends  from  the  Caballo  Dam  down  to  El  Paso.  The  waters 
within  this  stretch  of  the  Rio  Grande  River  are  highly  managed,  as  flow  from 
the  dam  is  controlled  by  a  number  of  political  agreements.  In  1906,  the  Con¬ 
vention  for  the  Equitable  Division  of  the  Waters  of  the  Rio  Grande  was  signed 
betw'een  Mexico  and  the  United  States.  In  this  international  treat)-,  the  United 
States  agreed  to  provide  Mexico  53.6  MGD  of  water  during  non-drought 
years.  The  water  Is  provided  in  varying  amounts  on  a  monthly  basis  as  de¬ 
scribed  in  the  treat)’.  During  drought  years,  this  amount  shall  be  proportioned 
in  the  same  manner  as  the  waters  of  the  Rio  Grande  Compact.  In  1939  the 
states  of  Colorado,  New  Mexico,  and  Texas  signed  the  Rio  Grande  Compact 
for  the  distribution  of  705  MGD  of  water  below  Elephant  Butte  Reservoir. 

The  interstate  compact  allots  a  specified  amount  of  water  to  Texas  based  on 
flows  at  upstream  gages.  At  times,  this  water  is  completely  consumed  by  users 
in  El  Paso  County,  which  often  leads  to  a  dry  river  bed  south  of  the  city  of  El 
Paso  (Figures  35  and  36).  The  International  Boundary  and  Water  Commis¬ 
sion  maintains  stream  gages  that  track  the  amount  of  water  delivered  to  Texas 
and  Mexico.  In  some  years  the  EPWU  has  managed  to  secure  almost  52.6 
MGD  of  water  from  the  Rio  Grande  River  by  obtaining  water  rights  through 
the  EPCWID. 
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Rfiure  35.  Annual  flows  in  lh«  Rio  Grande  River  flJSGS). 


Figure  36.  Long  term  historical  frows  at  the  El  Paso  gage  showing  variability  (USGS>. 

Tlie  efforts  of  the  EPWU  to  secure  rights  to  the  Rio  Grande  have  increased 
over  the  past  few  decades.  From  1993  to  2002,  the  EPWU  on  average  secured 
6.5  percent  of  the  flow  released  from  the  Caballo  Dam,  while  Mexico  on  aver¬ 
age  received  about  7.4  percent  of  the  flow.  Evaporation  and  seepage  into  the 


ERDC/CERl  TR-09-38 


106 


ground  accounts  for  a  large  part  of  the  water  released  from  the  Caballo  Dam. 
Historically,  these  flow  losses  have  averaged  around  43  percent.  In  2000  the 
amount  of  water  released  from  the  Caballo  Dam  Reservoir  was  670  MOD,  of 
which  386  MGD  reached  El  Paso  for  a  42.3  percent  flow  loss.  Fifty-four  MGD 
of  water  reaching  El  Paso  was  diverted  to  the  Acequia  Madre  to  be  used  by 
Mexico,  and  the  EPVVU  claims  that  it  secured  37.8  MGD  of  water  in  2000. 
Also,  in  2000  the  irrigation  district  in  El  Paso  withdrew  about  236  MGD. 

5.4.2.1.2  Texas  portion  of  Hueco  Bolson  aquifer 
The  municipalities  of  El  Paso  and  Ciudad  .Juarez  represent  the  majority  of 
withdrawals  from  the  Hueco  Bolson,  although  anyone  who  owns  land  above 
the  aquifer  is  entitled  to  pump  from  the  aquifer.  It  has  been  estimated  that  the 
aquifer  will  run  dry  as  soon  as  2020  (Schoik  undated)  or  remain  in  sendee 
over  70  years  from  now  (Bredehoeft  et  al.  2004).  Ciudad  Juarez  is  attempting 
to  maintain  current  pumping  rates  through  water  conservation  measures  and 
tapping  other  sources  (Barreno  2005).  Ciudad  Juarez  currently  uses  water 
from  the  Rio  Grande  for  irrigation.  The  city  has  plans  to  provide  treated  waste 
water  to  fanners  so  that  the  Rio  Grande  water  may  be  used  for  municipal 
purposes.  This  is  how  the  city  plans  on  capping  the  Hueco  Bolson  pumping 
rates.  The  EPVVU  reported  pumping  53.0  MGD  of  water  from  the  aquifer  in 
2000.  EPVVU  has  worked  to  secure  increased  access  to  waters  from  the  Rio 
Grande  River  in  an  attempt  to  preserve  waters  in  the  Hueco  Bolson. 

Despite  these  efforts,  the  water  table  in  the  aquifer  has  steadily  declined  in 
many  areas  for  more  than  50  years.  Figure  37  displays  groundwater  depth 
data  from  1952  to  2007  of  well  JL-49-06-702.  Units  shown  are  in  feet  below 
land  surface,  with  a  decline  of  approximately  76  feet  during  this  time  period. 
This  declining  trend  of  water  table  levels  is  consistent  with  many  gages  for  the 
Hueco  Bolson  aquifer  (Figure  37).  The  recently  constructed  desalination  plant 
is  intended  to  aide  in  conservation  of  the  aquifer.  The  aquifer  is  estimated  to 
contain  over  14.9  trillion  gallons  of  water  in  the  El  Paso  area,  but  only  3.1  tril¬ 
lion  gallons  of  this  is  fresh  water  (Table  15).  The  Hueco  is  predominately 
composed  of  brackish  water,  defined  as  water  with  chloride  levels  exceeding 
250  milligrams  per  liter  (mg/L).  The  desalination  plant  is  equipped  to  treat 
water  with  chloride  levels  as  high  as  2500  mg/L  (Ruiz  2009).  This  signifi¬ 
cantly  increases  the  amount  of  water  that  is  recoverable  from  the  aquifer.  The 
blend  of  brackish  and  fresh  water  produced  by  the  desalination  plant  could 
more  than  double  the  recoverable  water  from  the  Hueco  Bolson  aquifer. 
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Table  15.  Hueco  Boson  groundwater  storage  per  chloride  level  (Hutchison  2004). 
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figure  38  shows  the  extent  of  the  aquifers  beneath  El  Paso  Count)'  and  the 
region,  including  the  Mesilla  and  Hueco  Bolson  aquifers  within  the  Rio 
Grande  Aquifer  system.  Natural  Recharge  has  been  estimated  to  be  anywhere 
from  5  to  13  MGD,  with  an  average  of  8.9  MGD,  which  shall  be  used  as  the 
baseline  for  natural  recharge  (Heywood  et  al.  2003).  The  model  developed  for 
the  USGS  report  (Heywood  et  al.  2003)  was  used  to  produce  a  hydrogeology 
report  (Hutchison  2004)  and  associated  third  party  review  (Bredehoeft  et  al. 
2004)  completed  by  the  EPYVU. 


The  following  data  was  compiled  from  the  three  reports.  The  reports  estimate 
that  recharge  through  basin  transfers  is  approximately  21.4  MGD.  They  also 
note  that  recharge  from  the  river  is  between  26.7  and  44.6  MGD.  An  average 
of  these  values  comes  to  35.7  MGD,  and  this  was  used  as  the  baseline  for  river 
recharge.  Most  of  the  river  recharge  is  transferred  to  the  Mexican  portion  of 
the  Hueco  Bolson.  Estimates  of  flow  to  the  Mexican  portion  range  from  26.7 
to  35-7  MGD.  The  average  of  these,  30.3  MGD,  was  used  for  this  analysis.  Fi¬ 
nally  the  total  change  in  storage  represents  the  sum  of  all  recharge,  discharge, 
and  withdrawals  from  the  aquifer.  The  total  average  change  in  storage  is  esti¬ 
mated  to  range  from  a  decline  of  9.8  to  a  decline  of  29.5  MGD,  with  an  aver¬ 
age  of  18.4  MGD. 
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Figure  38.  Fort  Bliss  hydrologic  features  tnap  (groundwater  sources) 

(U.S.  Census,  National  Atlas,  USGS,  El  Paso  Water  Utilities). 

Tlie  sum  of  Ihe  terms  used  in  the  baseline  figures  for  these  recharges,  dis¬ 
charges,  and  the  2000  EPYVU  withdrawal  rate  comes  to  a  decline  of  17.2 
MGD,  just  under  the  estimated  average  decline  of  the  aquifer.  Other  factors 
that  have  influenced  the  water  budget  of  the  Hueco  Bolson  since  2000  include 
induced  recharge  and  desalination.  The  EPYVU  website  notes  that  the  Ered 
Hervey  wastewater  treatment  plant  artificially  recharges  the  Hueco  Bolson  by 
pumping  about  1.5  MGD  of  treated  water  into  the  aquifer.  The  joint  EPYVU/ 
Fort  Bliss  desalination  plant  began  operating  in  mid-2007.  The  plant  has  only 
been  run  at  full  capacity  for  a  total  of  1  week,  and  was  running  at  3.5  MGD  in 
March  2009  (YVilliams  2009).  The  3.5  MGD  operating  rate  is  used  as  the 
2008  baseline  with  the  rate  increasing  at  the  same  rate  as  demand  increases. 
Note:  It  may  not  be  appropriate  to  assume  that  all  of  the  water  recharged 
from  basin  transfers  is  fresh  water,  or  that  all  of  the  water  within  the  aquifer 
is  readily  recoverable. 

5.--.2.1.3  Texas  portion  of  Mesilla  Bolson  aquifer 

The  municipalities  of  Las  Cruces,  NM,  and  El  Paso,  TX  withdraw  from  the 
Mesilla  Bolson  aquifer.  Ciudad  Juarez  has  also  recently  entered  a  public- 
private  partnership  to  construct  a  pipeline  to  pump  water  from  this  aquifer  on 
the  Mexican  side  (Sur  2007).  The  Conejos  is  projected  to  supply  the  city  with 
approximately  23  MGD.  The  Las  Cruces  region  has  pumped  from  the  Mesilla 
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for  domestic  water  for  over  50  years  and  also  pumps  from  the  Mesilla  for 
about  13  percent  of  the  irrigation  water  for  a  total  of  about  79  MGD  in  2000 
(PdNWTF  2001).  The  EPWU  reported  withdrawing  22  MGD  in  2000  from 
the  Mesilla  aquifer.  It  is  estimated  that  6.5  trillion  gallons  of  freshwater  are 
available  within  the  Mesilla  aquifer  north  of  Texas.  It  is  unlikely  that  pumping 
in  Las  Cruces  plays  a  large  role  in  the  amount  of  water  stored  in  the  Texas 
portion  of  the  aquifer  due  to  the  large  stores  of  water  available  in  New  Mex¬ 
ico.  Similarly,  the  pumping  in  Mexico  may  not  have  a  large  impact  on  the 
stores  in  Texas  unless  pumping  were  to  significantly  increase. 

The  Texas  portion  of  the  Mesilla  Bolson  Aquifer  has  significantly  less  avail¬ 
able  water  than  the  Texas  portion  of  the  Hueco.  With  just  over  260  billion  gal¬ 
lons  of  freshwater  in  the  Texas  portion  of  the  Mesilla,  thus  represents  just  8 
percent  of  the  fresh  water  the  Hueco  holds.  As  previously  noted,  the  Mesilla 
naturally  discharges  water  through  "the  narrows'  (the  land  between  the  two) 
to  the  Hueco  at  a  rate  less  than  26  MGD.  It  is  difficult  to  quantify  total  annual 
discharge  for  this  aquifer  due  to  its  complex  interaction  with  the  Rio  Grande 
River.  The  mountain  front  recharge  in  the  New  Mexico  portion  has  been  esti¬ 
mated  to  he  9.9  MGD  with  an  error  of  minus  50  percent  to  plus  too  percent 
(Terracon  et  al.  2004). 

This  same  source  states  that  river  recharge  estimates  range  from  18.1  MGD  to 
86.9  MGD  between  Las  Cruces  and  Anthony,  NM.  Information  from  the  re¬ 
port  was  used  to  estimate  stream  recharge  in  the  Texas  portion  to  be  on  the 
order  of  100  to  250  MGD.  Such  wide  variances  in  recharge  indicate  the  degree 
of  uncertainty  of  recharge  inherent  with  most  aquifers  due  to  a  lack  of  spatial 
data  and  varying  weather  conditions  from  year  to  year.  The  estimated  stream 
recharge  does  not  support  the  trend  of  declining  water  table,  unless  there  are 
lasses  other  than  merely  EPWU  withdrawals.  Figure  39  shows  data  from  1961 
to  2008  for  well  JL-49-04-418.  The  variation  in  the  data  is  likely  due  to  sea¬ 
sonal  effects  from  tlows  in  the  river.  A  slight  declining  trend  over  time  can  still 
be  picked  up,  especially  over  the  past  30  years.  This  downward  trend  is  simi¬ 
lar  to  many  other  water  table  measurements  for  the  Mesilla. 

5.4. 2.1.4  Drivers  for  water  supply 

The  availability  of  water  from  each  component  of  the  regional  water  supply  is 
driven  by  a  number  of  factors  in  this  study.  The  Rio  Grande  River  is  driven  by 
Caballo  Dam  releases,  flow  lasses,  EPWU  water  rights,  and  rationing  of  Rio 
Grande  Water  during  drought  years.  The  aquifers  are  driven  by  the  level  of 
water  recoverability,  and  the  change  in  storage.  The  change  in  storage  for  the 
Hueco  Bolson  Aquifer  is  defined  for  freshwater  and  brackish  water. 
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Figure  39.  Mesilla  Bolson  aquifer  demotion  trend  -  Gage  JL-49-04-418  (USGSJ. 

Change  in  freshwater  storage  includes  natural  recharge,  recharge  from  the 
Rio  Grande  River,  recharge  from  the  New  Mexico  portion  of  the  aquifer,  arti¬ 
ficial  recharge  from  the  wastewater  treatment  plants,  discharged  flow  to  Mex¬ 
ico.  and  withdrawals  by  the  EPWU  and  the  desalination  plant.  The  change  in 
storage  for  the  Mesilla  Bolson  Aquifer  only  includes  a  generic  recharge  term 
and  EPWU  withdrawals.  The  rationing  of  Rio  Grande  water  during  drought 
years  is  based  on  historic  data,  while  the  remaining  driving  factors  require 
further  analysis  when  projecting  water  supply  trends. 

The  Treaty  of  1906  requires  the  United  States  to  provide  Mexico  with  53.6 
MGD  during  non-drought  years.  Figure  40  shows  that  the  full  allotment  was 
generally  provided  when  annual  flows  in  the  Rio  Grande  at  El  Paso  were  at 
least  280  MGD.  The  water  was  generally  proportioned  according  to  the  power 
function  provided  in  the  figure  when  flows  were  less  than  280  MCJD.  This 
function  was  used  to  determine  the  allotment  provided  to  EPWU  as  well.  The 
maximum  allotment  available  to  the  EPWU  is  set  at  49.1  MGD  (Turner  2008). 

5 .4.2.2  Water  demand  model 

The  water  demand  projection  for  the  El  Paso  region  around  Fort  Bliss  is  based 
on  the  initial  2000  consumption  (Tables  16  and  17)  and  the  population  pro¬ 
jections  for  El  Paso  county  and  Ciudad  Juarez.  The  number  of  households  in 
the  region  is  expected  to  grow  at  the  same  rate  as  the  population.  It  Is  also  as¬ 
sumed  that  the  total  public  system  residential  and  commercial  consumption 
provided  by  public  supply  will  grow  with  the  population.  Industrial  uses  are 
projected  to  remain  constant  and  agricultural  uses  are  adjusted  downward 
each  year  at  one  eighth  of  the  percentage  of  the  annual  population  growth 
rate.  This  is  to  reflect  loss  of  agricultural  land  due  to  residential  construction. 
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Figure  40.  Allotment  of  water  ught*  during  low  flow  years  (IBWC). 

Table  16.  Projected  water  withdrawals  for  B  Paso  County  In  MGD  (HutchSon  2004). 


El  Paso  County  Projected  Water  Consumption,  to  2040 
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Table  17.  Projected  water  withdrawals  for  Ciudad  Juarez  In  MGD  (Hutchison  2004). 
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5.4.23  Model  results 

Figures  41  and  42  show  the  baseline  projection  for  the  region.  The  growth  in 
consumption  with  current  trends  in  demand  management  is  projected  to 
grow  by  about  V2  percent  per  year  in  Hi  Paso  County  by  2040.  (This  assumes  a 
robust  program  of  water  reuse.)  The  growth  in  consumption  expected  on  the 
Mexico  side  of  the  border  is  about  23  percent  through  2040.  (Increased  water 
reuse  is  expected.)  Figures  41  and  42  show  the  results  of  the  regional  with¬ 
drawal  projection  to  year  2040  and  2050,  respectively. 
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Figure  42.  Projected  municipal  and  Industrial  water  demand  <no  Imgatlon)  (ibid.). 
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Consumptive  usage'  in  the  region  is  expected  to  be  in  the  range  of  390  MGD 
by  2040.  This  is  calculated  from  the  baseline  projection  of  total  withdrawals 
equaling  650  MGD  by  2040.  A  factor  of  about  60  percent  for  consumptive  us¬ 
age  versus  total  withdrawals  is  used  for  the  Southwest  region  (USGS  1995). 
The  total  withdrawals  and  consumptive  usage  could  be  reduced  by  approxi¬ 
mately  20  percent  if  best  management  practices  were  adopted  region-wide. 

5.4.3  Projecting  water  supply  and  demand  trends  In  the  Fort  Bliss  regional 
model 

The  objective  of  the  regional  model  is  to  project  water  availability  30  years 
into  the  future  based  on  several  alternate  future  scenarios.  Therefore  the 
2000  baseline  is  projected  to  the  year  2040  for  both  the  supply  and  demand 
models. 

5.4.3.1  Water  supply  model 

Figure  43  shows  a  number  of  driving  factors  that  affect  the  components  dis¬ 
cussed  above.  The  available  supply  essentially  comes  from  three  sources.  Yet 
the  extraction  of  water  from  the  aquifers  is  linked  to  the  flow  in  the  Rio 
Grande  River  since  the  EPWU  uses  all  available  water  from  the  river  first.  The 
2006  Regional  Water  Plan  for  Far  West  Texas  includes  six  alternative  inte¬ 
grated  strategies  to  meet  future  demands  after  2020.  These  alternatives  in¬ 
clude  the  use  of  differing  amounts  of  local  surface  water,  local  groundwater, 
expansion  of  reclaimed  water,  and  imported  groundwater  from  properties 
owned  by  EPWU  (FWTWPG  2006). 


Figure  43.  Fort  Bliss  water  supply  model. 


*  Consumptive  usage  includes  water  that  does  not  return  to  the  watershed,  for  example,  evapotranspiration. 
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3,4, 3.1.1  Scenario  1  Climate  charge 

Climate  models  of  the  southwestern  United  States  show  general  agreement 
regarding  projected  climatic  trends.  .-Vs  a  result,  more  information  is  available 
regarding  the  impacts  of  climate  change.  The  weighted  average  results  of  17 
GCMs  (Gai  et  al.  2008)  were  analyzed  to  show  a  projected  increase  in  tem¬ 
perature  as  well  an  estimated  12  percent  decrease  in  precipitation  (although 
this  may  range  from  10-20  percent  for  the  region).  This  is  consistent  with 
many  studies  completed  for  the  Rio  Grande  region.  It  is  noted  that  the  Ameri¬ 
can  "dust  bowl"  of  the  1930s  was  associated  with  a  decrease  in  rainfall  of 
about  10  percent  over  a  10-  to  20-year  period  (Solomon  et  al.  2009).  The 
combination  of  a  12  percent  decrease  in  precipitation,  and  an  increase  in  tem¬ 
perature  could  produce  river  conditions  worse  than  existed  in  the  “dust  bowl,” 
therefore  a  20  percent  decrease  in  releases  from  the  Caballo  Dam  is  assumed 
in  this  scenario.  Scenario  1  also  assumes  that  EPWU  is  able  to  retain  the  water 
rights  it  currently  holds. 

Typical  estimates  of  the  total  amount  of  recoverable  water  from  the  Hueco 
Bolson  range  from  25  -  50  percent.  Scenario  1  assumes  that  37.5  percent  of 
the  water  from  each  aquifer  is  recoverable.  The  amount  of  fresh  water  that 
flows  underground  from  New  Mexico  and  areas  to  the  east  is  unknown. 
Therefore,  Scenario  1  assumes  that  the  ratio  of  fresh  to  brackish  water  from 
these  basin  transfers  Is  equal  to  the  ratio  of  fresh  to  brackish  water  already  in 
storage.  Some  initial  studies  of  climate  effects  on  natural  recharge  in  the 
Texas  area  have  been  performed.  This  research  suggests  that  a  20  percent  de¬ 
crease  in  rainfall  could  lead  to  a  70  percent  decrease  in  the  recharge  of  local 
aquifers  (Chandler  2008).  Scenario  1  assumes  a  35  percent  decrease  in  natu¬ 
ral  recharge.  The  rate  of  river  recharge  is  the  result  of  complex  interactions 
between  the  flow  in  the  river,  and  the  rate  of  aquifer  pumping  in  the  area. 

This  study  sets  the  river  recharge  at  a  constant  9.2  percent  of  flow  in  the  river 
based  on  the  baseline  figures  used.  Furthermore,  El  Paso  has  been  working  to 
minimize  pumping  from  the  Hueco,  and  Ciudad  Juarez  is  working  to  limit 
their  pumping  to  current  levels.  Therefore  this  scenario  assumes  no  change  in 
river  recharge.  Since  Mexico  has  pledged  to  not  exceed  current  pumping 
rates,  there  is  no  change  in  the  percentage  of  river  recharge  that  flows  to  the 
Mexican  portion  of  the  aquifer  for  scenario  1.  Similarly  the  change  in  recharge 
from  basin  transfers  Is  driven  by  pumping  rates  and  is  set  at  zero  for  this  first 
scenario. 

The  final  factors  for  the  Hueco  Bolson  Aquifer  are  that  of  artificial  recharge 
and  desalination.  It  is  assumed  that  the  1.5  MGD  that  was  artificially  re¬ 
charged  in  2004  by  the  Fred  Hervey  treatment  plant  continues  at  the  same 
rate.  EPWU  projects  that  the  amount  of  water  desalinated  would  increase  as 
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demand  increases  (Williams  2009).  A  3.5  MGD  desalination  rate  represents 
3.5  percent  of  the  demand  in  2008.  Therefore  this  percent  remains  constant 
for  Scenario  1. 

The  percent  of  water  that  is  recoverable  from  the  Mesilla  Bolson  is  matched 
with  that  of  the  Hueco  Bolson  at  37.5  percent.  According  to  the  baseline  fig¬ 
ures,  decline  in  storage  totals  37  percent  of  the  total  discharges  from  the 
Hueco  Bolson.  The  Mesilla  Bolson  is  declining  at  one-third  of  the  Hueco, 
based  on  the  slope  of  a  linear  trend  line  of  the  data  shown  in  Figure  37.  There¬ 
fore,  it  is  reasonable  to  assume  that  only  the  storage  decline  equals  12  percent 
of  the  total  withdrawals  from  the  Mesilla  aquifer  or,  to  put  another  way,  88 
percent  of  the  withdrawals  are  recharged.  This  is  the  recharge  rate  that  Ls  used 
for  Scenario  1.  From  1995  to  2002,  the  EPWU  obtained  an  average  of  32  per¬ 
cent  of  its  groundwater  from  the  Mesilla,  supporting  the  use  of  this  figure  for 
Scenario  1. 

5.4. 3. 1.2  Scenario  2  IncreaseO  Juarez  pumping 

This  scenario  maintains  the  effects  of  climate  change,  and  evaluates  the  ef¬ 
fects  of  increased  pumping  in  the  region.  The  current  Ciudad  Juarez  project  to 
develop  the  Conejos-Medanos  aquifer  should  supply  approximately  23  MGD 
to  the  city,  which  is  far  less  than  the  estimated  increase  in  demand.  Therefore, 
Ciudad  Juarez  may  not  able  to  cap  pumping  from  the  Hueco  Bolson  through 
the  various  measures  they  have  begun  implementing.  This  is  coupled  with  in¬ 
creased  pumping  by  EPWU  creating  potential  changes  in  the  drawdown  cones 
in  the  region.  The  effects  of  this  are  complicated.  Without  a  detailed  model,  it 
is  difficult  to  estimate  the  interactions  of  various  system  components.  It  is  ex¬ 
pected  that,  as  the  drawdown  cones  increase  in  size,  there  would  be  increased 
river  recharge  and  the  potential  for  an  increased  percentage  of  river  recharge 
to  be  discharged  to  Mexico.  A  general  increase  of  3  percent  river  recharge  was 
assumed,  along  with  a  5  percent  increase  in  flow  to  Mexico.  Recharge  from 
basin  transfers  could  also  increase,  but  it  is  probable  that  this  would  be  a  rela¬ 
tively  small  amount;  therefore,  a  1  percent  increase  was  applied  for  this  sce¬ 
nario. 


5.4. 3.1.3  Scenario  3  -  Operational  changes  [Induced  recharge! 

Scenario  3  again  builds  on  all  of  the  data  from  the  previous  two  scenarios,  and 
evaluates  some  of  the  mechanisms  that  arc  available  to  preserve  the  availabil¬ 
ity  of  water.  As  demand  increases,  there  is  the  potential  for  increasing  in¬ 
duced  recharge  of  the  aquifer  that  is  recharging  the  aquifer  with  processed 
effluent.  The  volume  of  induced  recharge  is  increased  to  6  MGD  in  the  year 
2020  for  this  scenario. 
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EPWU  recommends  that,  while  the  Hueco  would  benefit  front  an  artificial  re¬ 
charge  project,  it  is  not  critical  that  such  a  project  begin  in  the  next  20  to  40 
years  under  the  assumed  level  of  pumping,  'if  pumping  were  to  increase  in 
either  El  Paso  or  Juarez  substantially  above  the  assumptions,  an  artificial  re¬ 
charge  project  should  be  considered  sooner”  (Hutchison  2006). 

5.4. 3.1.4  Scenario  4  Operational  changes  idesaliration) 

Scenario  4  also  retains  the  assumptions  of  the  previous  scenarios  but  also  in¬ 
cludes  increased  desalination.  Desalination  still  uses  fresh  water,  but  over  half 
of  the  water  produced  is  originally  brackish  water.  Therefore,  if  all  water  that 
was  pumped  from  the  aquifer  was  desalinated,  the  lifespan  of  the  aquifer 
would  more  than  double.  This  scenario  assumes  that  in  2010  the  desalination 
plant  production  is  increased  to  27.5  MGD,  which  represents  the  current 
maximum  capacity. 

5.4. 3.1.5  Scenario  5  -  Worst  case 

Scenario  5  evaluates  more  conservative  estimates  of  each  supply  component. 

If  there  is  a  25  percent  decrease  in  flows  of  the  Rio  Grande  by  the  year  2040, 
the  flow  at  El  Paso  will  fall  below  280  MGD  and  the  allotted  water  rights  must 
be  rationed.  Therefore  Scenario  5  applies  a  25  percent  decrease  in  river  flow, 
yet  maintains  the  EPWU  water  rights  at  their  current  level.  Scenario  5  also 
uses  an  extreme  estimate  of  a  70  percent  decrease  in  natural  recharge.  Fur¬ 
thermore,  the  scenario  retains  the  assumptions  of  increased  river  recharge, 
flow  to  Mexico,  and  basin  transfers.  The  operation  of  the  desalination  plant  is 
not  maximized,  and  there  is  no  increase  of  induced  recharge  either.  The  Me- 
silla  aquifer  may  experience  a  decrease  in  recharge  as  the  flow  in  the  river  de¬ 
clines,  thus  a  recharge  rate  of  only  50  percent  is  assumed. 

5.4. 3.1.6  Scenario  6  Operational  changes  laesalmationi  aDsent  climate 
change 

Scenario  6  uses  Scenario  4  as  a  baseline  and  subtracts  the  effects  of  climate 
change  detailed  in  Scenario  1  to  provide  a  view  of  a  water  supply  situation,  as¬ 
suming  that  climate  change  will  not  affect  the  West  Texas  hydrologic  system 
at  all. 


5.4.3.1.7  Model  results  of  the  Fort  Bliss  Regional  water  supply  model 

A  summary  of  the  projected  regional  water  supply  in  2040  as  a  result  of  the 
six  scenarios  Ls  shown  in  (Table  18).  The  percent  of  recoverable  water  from 
the  aquifers  is  an  unknown  but  crucial  factor  in  determining  the  availability  of 
water.  A  relatively  conservative  value  was  chosen,  but  regardless  of  this  factor 
the  results  show  the  impacts  of  various  scenarios. 
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Table  18.  Sirnima-y  of  Fort  Bll*s  scenario  projections  (Hutcn-son  2004). 
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The  difference  in  river  flows  decreasing  from  20  percent  in  the  first  four  sce¬ 
narios  to  25  percent  in  Scenario  5  was  enough  to  cause  the  water  rights  of  the 
EPWU  to  decline  significantly  (receiving  only  three-fourths  of  their  current 
allotment).  The  impact  of  projected  climate  change  on  flows  of  the  Rio 
Grande  are  crucial  to  regional  planning  for  water  supply.  A  decline  in  Rio 
Grande  water  means  more  stress  on  the  aquifers,  especially  if  it  impacts  the 
recharge  to  the  Mesilla  Bolson  as  seen  in  Scenario  5. 

Foil  Bliss  is  primarily  supplied  by  the  Hueco  Bolson  aquifer,  which  is  esti¬ 
mated  to  be  capable  of  providing  adequate  water  supply  for  a  minimum  of  70 
years  (Bredehoeft  et  al.  2004).  Although  the  70-year  estimate  and  this  study 
show  that  the  Army  requirements  are  met  within  a  40-year  scope,  the  aquifer 
remains  a  limited  non-renewable  supply  under  current  pumping  rates.  Essen¬ 
tially  the  only  naturally  renewable  supply  available  is  the  Rio  Grande  River 
and  this  too  may  decline  due  to  changes  in  the  amount  and  timing  of  snow- 
pack  in  Colorado,  the  source  of  the  river,  and  decreased  precipitation  across 
the  entire  basin.  At  the  same  time,  demands  for  irrigation  will  increase  due  to 
rising  evaporation  rates  resulting  from  higher  temperatures  (Karl  et  al  2009). 
This  will  also  lead  to  an  increase  in  the  consumptive  use  fraction.  Accordingly, 
efforts  should  be  made  to  create  a  more  renewable  supply  from  the  Hueco. 
Scenario  3  shows  that  increased  artificial  recharge  aides  in  maintaining  the 
Hueco  Bolson,  and  Scenario  4  increased  efforts  to  obtain  water  through  de¬ 
salination,  which  could  increase  the  lifespan  of  the  aquifer  twofold. 

The  EPWU  has  plans  to  tap  aquifers  in  other  counties  in  which  they  have  pur¬ 
chased  land  and  to  pipe  the  water  to  El  Paso.  The  Bone  Spring-Victorio  Peak 
aquifer  is  one  source,  starting  in  2030,  and  the  Captain  Reef  aquifer  is  an¬ 
other,  starting  in  2040.  The  start  dates  of  these  plans  are  likely  to  be  pushed 
back  due  to  water  demand  not  reaching  the  projections  of  the  2006  regional 
water  plan  (Combs  2009). 

Note  that  issues  of  climate  change  and  population  growth  in  the  region  will 
become  problematic  in  the  future.  Additionally,  the  use  of  the  flows  in  the  Rio 
Grande  will  become  more  contentious  over  time.  Tribal  water  rights  in  the 
upper  Rio  Grande  have  not  been  resolved  and  increasing  demands  from  Mex- 
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ico  may  result  in  requests  for  additional  Rio  Grande  water  to  be  allocated  to 
them. 


5.4.3.1.8  Issues  of  climate  change  and  population  growth 
Former  EPWU  Water  Resources  Manager  Bill  Hutchison  (now  with  the  Texas 
Water  Development  Board)  recently  presented  his  research  to  the  El  Paso 
Geological  Society  in  May  2009.  He  showed  that  groundwater  decline  in  the 
Hueco  Bolson  Aquifer  stabilized  due  to  factors  linked  to  the  public  water  util¬ 
ity’s  management  strategies  and  investments,  including  conservation  prac¬ 
tices,  greater  reliance  on  surface  water  with  treatment,  and  the  addition  of  de¬ 
salination  plant  wells.  He  predicts  that  sufficient  water  supply  will  be 
available  during  this  century. 

Extensive  studies  of  underground  flows  developed  by  Hutchison  and  others 
support  his  predictions.  He  asserts  that  enough  water  will  be  available  over 
the  next  century  or  longer  due  to  planning  for  the  variability  that  can  be  seen 
in  historic  data  and  tree  ring  records,  even  without  the  effects  of  climate 
change:  “...it  can  be  seen  that  after  too  years  of  operation  under  the  JDF 
[Joint  Desalination  Facility]  scenario,  75  percent  of  the  fresh  groundwater 
currently  in  storage  in  the  El  Paso  portion  of  the  Hueco  Bolson  will  remain  in 
storage"  (Hutchison  2006).  His  estimate  is  conservative,  he  proposes,  given 
two  assumptions.  It  accounts  for  lack  of  knowledge  regarding  the  movement 
of  brackish  water  within  the  aquifer  by  assuming  all  storage  decline  to  be 
fresh  water.  It  also  assumes  only  25  percent  of  the  total  fresh  groundwater  is 
"economically  recoverable,"  while  other,  earlier  research  assumed  a  greater 
percentage. 

However,  the  most  recent  regional  climate  change  research  contains  water 
findings  that  seem  to  contradict  a  sustainability  conclusion.  Human  and  non¬ 
human  factors  introduce  uncertainty,  although  West  Texas  researchers  make 
great  efforts  to  internalize  these  into  their  models  and  conclusions.  Most  El 
Paso  region  supply  comes  from  groundwater,  an  area  opened  to  science  re¬ 
cently  and  only  partially  understood.  The  same  is  true  of  the  climate  change 
science. 

In  the  case  of  groundwater,  managers  currently  supervise  Hueco  Bolson 
pumping  without  the  benefit  of  a  transport  model,  which  would  enable  an 
understanding  of  underground  brackish  water  movement.  Hutchison  and 
previous  consultants  highlighted  the  need  for  such  a  model  to  reduce  uncer¬ 
tainty.  "Managing  the  Hueco  as  a  sustainable  supply  requires  attention  to 
both  groundwater  storage  and  groundwater  quality.  However,  the  completion 
of  a  solute  (groundwater  quality)  model  is  needed  to  assess  the  effectiveness 


ERDC/CERL  TR-09-38 


119 


of  this  effort  further"  (Hutchison  2006).  Bredehoeft,  et.  al,  recommended  that 
EPWU  develop  a  transport  model,  although  "there  is  no  question  that  [its 
calibration]  is  considerably  more  difficult  than  calibrating  a  flow  model,"  to 
the  point  where  the  USGS  was  unsuccessful  in  doing  so  (Bredehoeft  2004). 
The  stakes  are  high  enough  to  justify  a  conservative  stance  on  water  availabil¬ 
ity. 

In  the  case  of  climate  change,  runoff  decrease  mapped  in  Figure  44  would 
likely  lead  not  only  to  reduced  flows  in  the  Rio  Grande,  but  reduced  recharge 
to  the  aquifers.  Talk  of  Rio  Grande  flow  changes  must  acknowledge  the  poten¬ 
tial  for  water  supply  conflicts  highlighted  in  Figure  45  (Global  Climate  Change 
Impacts  in  the  United  States  2009).  Albuquerque  now  withdraws  surface  wa¬ 
ter  that  would  otherwise  flow  into  the  Rio  Grande,  a  marked  change  from  the 
past. 

Juarez  introduces  another  externality.  Groundwater  was  the  only  municipal 
supply  for  Juarez  in  2004.  Accuracy  in  population  forecasting  more  than  20 
to  30  years  into  the  future  is  dubious,  and  unforeseen  changes  in  water  use 
intensity  can  have  transformative  effects  on  likely  scenarios.  The  river  flows 
past  both  the  largest  border  community  in  the  world ,  and  over  300  other  mu¬ 
nicipalities  that  also  require  water  (Discover  a  Watershed  2001). 


Projected  Changes  in  Annual  Runoff 


Percent 


Projected  changes  in  median  runoff  tor  704I7060,  relative  in  a  1901-1970 
baseline.  are  mapped  by  water- resource  region.  Colors  indicate  percentage 
changes  in  runoff.  Hatched  areas  indicate  greater  confidence  due  to  strong 
agreement  among  model  projections.  White  areas  indicate  divergence  among 
model  projections.  Results  are  based  on  emissions  m  between  the  lower  and 
higher  emissions  scenarios.’1 

Figure  44.  Projected  reduction  in  West  Texas  runofT  (Global  CJImntc 
Cnange  Impacts  In  the  United  States  2009). 
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Potential  Water  Supply  Conflicts  by  2025 
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Fl£u'e  45.  Potential  for  West  Texas  and  New  Mexico  Water  Supply  Conflict 
(Global  Ornate  Change  Impacts  in  the  United  States  2009). 


Although  delivery  of  flow  downstream  is  governed  by  interstate  compact,  up¬ 
stream  neighbors  like  Albuquerque  will  likely  seek  to  divert  water  in  the  shift 
from  groundwater  reliance.  Rio  Grande  water  supply  to  Texas  sits  amidst  a 
complex  compilation  of  treaties  between  states  and  nations  whose  largest  cit¬ 
ies  are  booming  in  population.  Mexico  chose  not  to  deliver  on  regulated  water 
promises  in  recent  years,  and  as  a  consequence  knowingly  went  into  “water 
debt."  Its  consumers  took  priority  in  drought  times,  irrespective  of  interna¬ 
tional  violations.  Increasingly  severe  droughts  may  only  exacerbate  conflict. 

There  is  the  potential  lor  emerging  factors  to  change  the  situation  in  unpre¬ 
dictable  ways,  true  to  a  scenario  planning  process.  Somewhat  foreseeable  an¬ 
thropogenic  natural  systems  changes  will  form  less  foreseeable  feedback  loops 
with  human  behavioral  changes  and  decisions.  The  recent  Climate  Impacts 
Report  from  the  U.S.  Global  Change  program  gives  examples  of  unknown  fu¬ 
ture  variability  sources,  both  use- reducing  and  -increasing:  irrigation  demand 
may  increase  from  forecasted  trends  in  response  to  higher  temperatures  and 
longer  droughts;  flora  may  use  water  more  efficiently  with  rising  CO*  levels; 
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power  plants  will  increase  cooling  water  withdrawals  in  the  heat;  consumers 
will  want  more  air-conditioning  during  more  balmy  summers,  thus  increasing 
electricity  demand  that  necessitates  even  more  power  plant  cooling  water 
(Global  Climate  Change  Impacts  in  the  United  States  2009).  "There  is  also  the 
possibility  of  even  larger  changes  in  climate  than  current  scenarios  and  mod¬ 
els  project,"  and  “the  long  record  of  climate  found  in  ice  cores,  tree  rings,  and 
other  natural  records  show  that  Earth's  climate  patterns  have  undergone 
rapid  shifts  from  one  stable  state  to  another  within  as  short  a  period  as  a  dec¬ 
ade.”  Some  of  these  also  vary  with  population  and  economic  change. 

Human  actors  can  offset  some  of  these  feedback  loops  through  policy  initia¬ 
tives  linked  to  behavioral  and  systems  changes,  given  sufficient  political  will 
and  organizing  initiative.  Regional  governance  can  hinder  or  help  these  ef¬ 
forts.  As  the  report's  scientists  observe,  "The  past  century  is  no  longer  a  rea¬ 
sonable  guide  to  the  future  for  water  management." 

5.4,3. 1.9  Fort  Bliss  summary 

This  study  has  only  evaluated  the  overall  annual  availability  of  water.  Further 
work  may  he  necessary  to  assess  the  full  day-to-day  impacts.  This  report  rec¬ 
ommends  the  implementation  of  best  management  water  conservation  prac¬ 
tices,  discussed  in  detail  in  a  later  section,  beginning  as  soon  as  feasible.  In¬ 
stallations  that  begin  to  implement  these  measures,  and  thus  build  a  strong 
basis  for  future  drought  management  rapid  response,  will  lead  the  way  to  en¬ 
vironmental  sustainability  in  the  region  and  safeguard  mission  sustainment. 
Anticipated  increases  in  water  pricing  nation  wide  will  improve  monetary 
payback  for  water  conservation  projects. 

Implementing  a  program  of  total  water  management  can  prepare  an  installa¬ 
tion  for  fluctuations  in  water  availability  while  easing  the  affects  of  extreme 
storm  events  and  increasing  water  security  and  independence  through  reten¬ 
tion  and  reuse  of  both  stormwater  and  gray  water  where  applicable. 

Given  uncertainties  of  groundwater  and  conclusions  among  respected  water 
and  climate  change  experts,  the  25  percent  recoverability  discussed  as  conser¬ 
vative  should  be  considered  the  norm,  and  EPWU  should  pursue  artificial  re¬ 
charge  sooner  rather  than  later.  Fort  Bliss  leadership  should  seek  any  oppor¬ 
tunity  to  expedite  such  a  project  while  rapidly  phasing  in  conservation 
practices,  to  include  metering.  Many  such  practices  are  already  part  of  the 
culture  of  conservation  established  by  EPWU  throughout  broader  El  Paso. 
Decision-makers  at  Fort  Bliss  may  readily  draw  on  them  as  locally  successful 
approaches.  Furthermore,  if  Bliss  can  play  a  role  in  emphasizing  the  need  for 
a  saline  water  transport  model  to  EPWU  or  other  researchers,  it  should  do  so. 
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One  school  of  forecasting  internalizes  incongruous  opinions  between  experts 
by  inviting  them  into  a  conference  room  where  they  hash  out  seeming  differ¬ 
ences  and  tend  to  drift  towards  a  more  moderate  center,  which  then  becomes 
the  preferred  scenario  for  planning.  While  such  a  process  falls  outside  this 
study’s  scope,  decision-makers  for  Army  installations  in  vulnerable  regions 
like  Fort  Bliss  should  take  away  the  strong  imperative  to  err  on  the  side  of 
conservation,  caution  in  supply  planning,  and  TWM. 
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6  Projection  of  Installation  Water  Demand 

6.1  Introduction 

The  purpose  of  the  water  forecasting  models  used  in  this  study  was  to  predict 
over  a  30-year  time  horizon  the  capacity,  demand,  and  raw  water  supply  re¬ 
quirements  for  a  military  installation. 

6.2  Water  demand  model 

The  Installation  Water  Demand  Model  uses  customer  disaggregation'  as  the 
basis  for  projections.  Customer  classes  are  residential  (family  housing.  Unac¬ 
companied  Personnel  Housing  (UPH)/barracks,  and  transient/lodging  facili¬ 
ties),  dependent  schools,  industrial  and  maintenance,  medical,  administrative 
and  moderate  users,  community7  and  commercial  (food  and  non-food  related), 
storage,  high  water  use  facilities,  pools  and  vehicle  wash  facilities,  irrigation 
and  improved  lands,  and  losses.  Categories  can  be  combined  depending  on 
the  availability  of  installation  data. 

Sectoral  demands  were  developed  based  on  typical  water  consumption  values 
and  are  calibrated  to  the  installation  footprint,  population,  and  op-tempo. 

6.2.1  Drivers  for  water  demand 

The  key  drivers  for  the  water  model  are  the  installation  real  property'  data,  in¬ 
stallation  permanent  population  (barracks,  multifamily,  single  family,  tran¬ 
sient  quarters),  commuting  population,  industrial  tempo,  deployment  tempo, 
rainfall  and  evapotranspiration  data,  and  planned  construction. 

6.2.2  Water  use  data 

Installation  water  use  data  is  reported  on  a  monthly  basis  by  the  utility  con¬ 
tract  operator.  Data  Is  available  for  the  entire  installation.  Reimbursable  cus¬ 
tomers  are  metered  separately  for  billing  purposes.  This  data  is  aggregated 
quarterly  and  entered  into  the  Army  Energy  and  Water  Reporting  System 
(AEWRS). 

Initial  per  capita  water  usage  is  typically  about  69.3  gallons  per  capita  per  day 
(gpcd)  and  applies  to  resident  population  (family  housing,  multifamily  hous- 


Disaggregatbn  is  the  processor  separating  water  usage  try  customer  tfass  using  the  total  installation  con¬ 
sumption  and  estimating  factors  for  end  uses. 
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ing,  and  barracks).  Indoor  water  usage  for  commuting  population  is  10  gpcd. 
Irrigation  water  usage  is: 

(acreage  x  (summer  evapotranspiration  rate)]  -  (.60  x  (summer  precipitation  rate)] 

The  model  assumes  no  restrictions  on  irrigation.  The  seasonal  variation  in  in¬ 
stallation  consumption  can  also  be  used  as  a  check  on  the  irrigation  rate. 

Initial  rough  break-out  by  sector  is  50-60  percent  for  residential.  25  percent 
for  non-residential,  and  10-15  percent  for  losses.  These  figures  may  need  re¬ 
alignment  based  on  the  fact  that  many  installations  have  a  large  population 
that  commutes  onto  the  installation  so  the  non-residential  sectors  may  exceed 
the  typical  city’s  profile  ratio  for  commercial/industrial/institutional  build¬ 
ings  and  usage.  Landscape  irrigation  may  also  be  a  much  larger  consumer 
than  in  a  typical  community  due  to  large  parade  fields,  commons,  golf 
courses,  etc. 

The  factors  for  the  consuming  sectors  of  the  model  were  taken  from  Forecast¬ 
ing  Urban  Water  Demand  (Jennings  and  Jones  2008).  The  model  works  on 
the  premise  that  there  are  several  basic  using  categories  of  consumers  on  the 
installation.  These  are  residents,  commuters,  and  processes.  The  residential 
consumption  is  in  the  housing,  barracks,  and  transient  facilities.  The  com¬ 
muting  population  is  represented  by  the  square  footage  of  the  different  types 
of  buildings  and  their  consumption  factors.  The  processes  are  represented  by 
the  irrigation  loads,  losses,  and  high  water  uses.  These  are  more  unique  con¬ 
sumers  and  should  be  evaluated  for  each  installation. 

6.2.3  Model  development  and  testing 

The  steps  in  developing  the  water  model  are:  collect  data  on  water  use  and 
drivers  for  water  demand  (10  years  of  monthly  data  and  20  years  of  annual 
data);  analyze  key  drivers  and  disaggregate  data;  develop  and  test  model; 
augment  data  if  required;  test  and  calibrate  model  for  several  installations; 
develop  forecast  for  the  drivers  (independent  variables);  and  develop  water 
demand  and  consumption  forecasts. 

6.2.4  Model  results 

The  model  was  developed  for  two  installations— Fort  Bragg  and  Foil  Bliss. 
These  installations  are  located  in  significantly  different  climate  zones,  Fort 
Bragg  is  in  the  Southeast  and  Fort  Bliss  is  in  the  Southwest.  They  have  signifi¬ 
cantly  different  evapotranspiration  rates  for  exterior  use  of  water. 
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6.3  Case  Study:  Fort  Bragg,  NC 

6.3.1  Establishing  the  baseline 

Foil  Bragg  is  a  large  U.S.  Army  Forces  Command  (FORSCOM)  installation 
located  in  Fayetteville,  NC.  Figure  46  shows  Fort  Bragg's  historical  water  con¬ 
sumption,  using  monthly  data  obtained  from  installation  staff.  Consumption 
has  changed  over  the  last  several  years,  dropping  from  an  average  of  8  MGD 
to  about  5  MGD.  This  has  been  the  result  of  their  aggressive  water  conserva¬ 
tion  program  and  also  partly  due  to  a  high  level  of  deployments.  It  should  also 
be  noted  that  their  consumption  is  trending  back  up  since  the  low  point  of  4.3 
MGD  in  FY06.  Using  the  last  5  years  of  data,  the  average  was  4.84  MGD,  but 
since  this  is  trending  up,  5  MGD  was  taken  as  the  baseline  for  calibrating  the 
model. 


,  Fort  Bragg  Water  Consumption  Pattern 


Figure  46.  Fort  Bragg  historical  water  consumption  (Fort  Bragg  DPW). 


6.3.2  Projecting  Fort  Bragg  usage 

Table  19  lusts  the  baseline  population  and  input  data  used  for  Fort  Bragg. 


Table  19.  Population  and  infrastructure  data  used  for  Fort  Bragg  (Fort  Bragg). 


Housing  Units 

?>G80 

Military  Stationed 

47.435 

Transient  Population 

2.451 

Dependents 

72.101 

Civilian  Workforce 

16.290 

Deployment  Factor:  Family  Housing 

0.84 

Deployment  Factor:  Barracks 

0.67 

ET  (Moisture  Deficit) 

16.66 

Losses  Factor 

0.10 

ERDC/CERl  TR-09-38 


126 


Table  20  lists  the  initial  installation  baseline  projected  consumption.  Note 
that  this  is  an  unconstrained  baseline  and  assumes  irrigation  of  improved 
lands  is  conducted  according  to  the  typical  evapotranspiration  requirements 
of  the  area.  The  initial  calculation  gives  a  projected  baseline  of  about  5.6  MGD 
annualized  demand.  Note  that  the  actual  demand  will  fluctuate  based  on  sea¬ 
son  and  can  be  as  much  as  80-100  percent  higher  during  high  irrigation 
times. 

The  model  is  then  adjusted  for  growth  in  consumption  in  the  various  sectors 
based  on  expected  changes  (growth  or  reduction)  in  the  various  inputs.  The 
installation  population  Is  adjusted  for  future  changes,  the  various  consuming 
sectors  are  adjusted  based  on  planned  construction,  and  the  mobility  factors 
are  adjusted  based  on  the  expected  rates  of  deployment.  The  baseline  projec¬ 
tion  makes  no  assumptions  about  water  conservation  projects  or  implementa¬ 
tion  of  best  management  practices  as  defined  in  Chapter  8. 

Figure  47  shows  the  30-year  projection  for  Fort  Bragg.  The  model  projects 
that  the  installation  will  increase  its  baseline  w’ater  consumption  about  0.5 
MGI)  in  the  future  due  to  several  Army  transformation  initiatives.  The  graph 
in  Figure  47  also  provides  a  modified  projection  based  on  implementation  of 
the  water  saving  requirements  of  Executive  Order  13423.  EO  13423  requires  a 
2  percent  reduction  per  year  from  FY08  through  FY15.  Implementing  water 
efficiency  best  management  practices  would  result  in  a  long-term  reduction  of 
consumption  to  an  annual  average  of  about  5.2  MGD.  Here,  it  is  assumed  irri¬ 
gation  requirements  are  met. 


Taole  20.  Initia!  installation  baseline  projected  consumption  for  Fort  Bragg. 


Using  Sector 

(annual 

average) 

Number 

Units 

Consumption 

<9Pi*> 

Family  Housing 

■a?  mm 

'2VM 

Barracks 

0.838 

18.284 

Spaces 

70 

Dependent  Schools 

0.102 

6.812 

Students 

15 

Medical 

0.165 

133 

buittrgs 

1.236 

industrial  and  Maintenance 

0.321 

439 

Buitfrps 

700 

Transient  Houslngdodging 

0.190 

1.267 

Spaces 

130 

AdmimstrattvctModerate  Users 

1.271 

1.036 

buidrgs 

1.204 

Community  and  Commercial:  Non -food  related  (indoor) 

0.109 

173 

Buittngs 

629 

Community  and  Commercial:  Food-related 

0.040 

44 

buiorcs 

906 

Storage 

0.012 

1.188 

BuiOngs 

10 

High  Water  Use  Faculties 

0.025 

49 

Buicirps 

500 

Irrrgatedilmprovcd  Land 

0.332 

446 

Acres 

Pools.  Wash  Racks,  etc 

0.100 

Losses 

0.489 
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Fort  Bragg  Annual  Average  (MGD) 
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Figure  47.  Projected  Fort  Bragg  water  consumption. 

6.4  Case  Study:  Fort  Bliss,  TX 

6.4.1  Establishing  the  baseline 

Fort  Bliss,  located  in  Hi  Paso,  TX,  is  an  installation  in  transition.  It  Is  growing 
from  a  medium  sized  training  installation  to  a  large  troop  type  installation. 
Figure  48  shows  Fort  Bliss'  historical  annual  water  consumption  below.  Data 
was  obtained  through  the  AEWRS  system  as  quarterly  consumption.  Con¬ 
sumption  has  changed  over  the  last  several  years,  dropping  from  an  average 
of  5  MGD  to  about  4  MGD.  It  should  also  be  noted  that  their  consumption  is 
trend  is  somewhat  erratic  and  is  probably  weather  dependent.  Using  the  last  8 
years  of  data,  the  average  was  4.4  MGD,  which  is  fairly  high  for  an  installation 
of  this  size,  but  Is  an  indicator  of  the  demand  due  to  climate.  This  was  taken 
as  the  baseline  for  calibrating  the  model. 

6.4.2  Projecting  Fort  Bliss  usage 

Table  21  lists  the  baseline  population  and  input  data  used  for  Fort  Bliss. 

Table  22  lists  the  initial  installation  baseline  projected  consumption  broken 
out  by  category.  Note  that  this  is  an  unconstrained  baseline  and  assumes  that 
irrigation  of  improved  lands  is  conducted  according  to  the  typical  evapotran- 
spiration  requirements  of  the  area.  This  results  in  a  projected  baseline  of 
about  4.6  MGD.  The  actual  demand  will  fluctuation  based  on  season  and  can 
be  as  much  as  80-100  percent  higher  during  high  irrigation  times.  The  num¬ 
ber  show'  is  an  annualized  demand. 
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Fort  Bliss  Water  Consumption  Trend 


a 

S  3 

2 

1 


2000  2(W1  2002  XIII I  2004  2C Ob  2006  2007  2CDI 

Fitul  Year 


Figure  48.  Fort  Bliss  historical  water  consumption  (AEWRS), 


Table  2L  Population  and  infrastructure  data  used  for  Fort  Bliss  (Fort  BttssJ 


Housing  Units 

Baseline 

3.052 

Military  Stationed 

9.330 

Transient  Population 

2.132 

Dependents 

15.330 

Civilian  Workforce 

3.621 

Deployment  Factor:  Family  Housing 

0.90 

Deployment  Factor:  Barracks 

0.83 

ET  (Moisture  Deficit) 

30.00 

Losses  Factor 

0.12 

fable  22.  initial  installation  baseline  projected  consumption  for  Fort  Bliss. 
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Acres 

0.60 

0.46 

4.9S 

Dependent  Schools 


Industrial  and  Maintenance 
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The  model  is  then  adjusted  for  growth  in  consumption  in  the  various  sectors 
based  on  expected  changes  (growth  or  reduction)  in  the  various  inputs.  The 
installation  population  is  adjusted  for  future  changes,  the  various  consuming 
sectors  are  adjusted  based  on  planned  construction,  and  the  mobility  factors 
are  adjusted  based  on  the  expected  rates  of  deployment.  The  baseline  projec¬ 
tion  makes  no  assumptions  about  water  conservation  projects  or  implementa¬ 
tion  of  best  management  practices  as  defined  in  Chapter  8. 
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Fort  Bliss  Projected  Annual  Average  (MGD) 
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Figure  49.  Projected  Fort  Bliss  water  consumption. 

Figure  49  shows  the  30-year  projection  for  Fort  Bliss.  The  model  projects  that 
the  installation  will  increase  its  baseline  water  consumption  by  about  5.2 
MGD  to  9.8  MGD  in  the  future  due  to  the  various  Army  transformation  initia¬ 
tives.  The  projection  indicates  that  water  consumption  could  more  than  dou¬ 
ble.  Figure  49  also  provides  a  modified  projection  based  on  implementation  of 
the  water  saving  requirements  of  EO13423,  which  requires  a  2  percent  reduc¬ 
tion  per  year  from  FY08  through  FY 15.  Implementing  water  efficiency  best 
management  practices  would  result  in  a  long-term  consumption  trend  at  an 
annual  average  of  about  8.2  MGD.  Here  the  water  efficiency  improvements 
are  going  on  at  the  same  time  so  that  increases  in  consumption  arc  occurring 
due  to  the  new  construction  and  stationing  activities.  Again,  it  is  assumed  ir¬ 
rigation  requirements  are  met.  Also,  new  construction  should  be  more  water 
efficient  than  the  existing  buildings. 

6.5  Conclusion 

The  Water  Projection  model  provides  an  estimate  of  future  water  consump¬ 
tion  based  on  current  trends,  future  construction  and  stationing,  and  irriga¬ 
tion  requirements.  Projections  are  as  accurate  as  the  data  that  is  used.  The 
model  is  installation-specific  and  the  baseline  can  be  calibrated  to  the  instal¬ 
lation.  The  model  also  provides  guidance  in  disaggregating  the  installation 
water  consumption  to  several  key  using  sectors.  The  sectors  can  provide  in¬ 
sight  in  where  to  focus  water  efficiency  improvement  efforts  on  the  installa¬ 
tions.  Appendix  F  provides  instructions  on  using  the  model. 
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7  Water  Efficiency  Planning 

7.1  Developing  a  Water  Efficiency  Plan 

The  likelihood  of  future  water  deficits  is  one  faced  by  many  communities 
across  the  United  States  (USGAO  2003).  Traditional  water  management 
schemes  normally  deal  with  water  deficits  by  pursuing  and  developing  new 
water  supply  sources.  For  installations  this  often  means  either  expanding  ex¬ 
isting  on-post  sources  or  procuring  additional  water  supplies  from  off-post 
providers.  TWM’s  focus  on  the  entire  water  system  allows  a  much  broader 
range  of  strategies  with  which  to  address  water  deficits  than  those  available  in 
traditional  schemes.  Water  conservation  planning  is  central  to  the  TWM  ap¬ 
proach  to  a  balanced  water  budget  (Grigg  2008). 

Water  conservation  planning  works  to  balance  water  supply  and  demand  by 
promoting  water  conservation  and  efficient  use  by  end-users  (AWWA  2006). 
In  effect,  thus  ensures  that  the  water  supply  is  being  used  as  efficiently  as  pos¬ 
sible  before  new  sources  for  potable  water  are  sought.  Conserved  water  is  al¬ 
most  always  less  expensive  to  procure  than  are  new  water  sources,  and  in 
some  places,  conservation  and  efficiency  improvements  can  potentially  elimi¬ 
nate  the  need  for  supply  development  all  together  (Gleick,  et  al.  2004). 

Water  conservation  planning  can  help  the  Army  to  meet  both  Federal  and 
DOD  water  policy  requirements.  The  U.S.  Energy  Independence  and  Security' 
Act  of  2007  (EISA)  stipulates  that  covered  facilities  must  complete  compre¬ 
hensive  water  (and  energy)  evaluations  once  every  4  years.”  This  process  must 
include  the  re-  (or  retro-)  commissioning  of  each  facility  and  the  implementa¬ 
tion  of  all  water  (and  energy)  efficiency  measures  that  are  cost-effective  over 
the  life-cycle  of  said  measure.  A  water  conservation  planning  process  could 
easily  be  structured  to  fulfill  all  of  the  EISA  water  requirements. 

The  other  major  Federal  water  policy  requirement  is  Executive  Order  13423, 
which  requires  a  reduction  of  water  per  square  foot  of  building  space  (as 
compared  to  a  2007  baseline)  by  2  percent  per  year  or  16  percent  in  total  be¬ 
tween  2008  and  2015.  To  achieve  this  reduction.  Federal  facilities  will  have  to 
implement  a  variety  of  water  conservation  and  efficiency  measures.  Mooring 
these  measures  in  a  full  water  conservation  plan  will  help  to  ensure  that  the 


*  The  criteria  for  ccnered  fac-ties  are  yet  to  be  developed.  Hcwver.  at  a  mriimum  they  will  include  Federal 
facilities  that  constitute  at  least  75  percent  of  energy  use  at  each  agency. 
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measures  chosen  are  the  mast  effective  for  a  given  site  and  that  the  imple¬ 
mentation  process  is  carried  out  fully.' 

7.1.1  Analyze  water  use* 

The  first  step  in  the  creation  of  a  water  conservation  plan  is  a  careful  analysis 
of  present  and  future  water  usage.  “Usage'’  includes  water  that  is  regularly  ac¬ 
counted  for  within  the  system,  and  unmetered  and  unbilled  water.  An  under¬ 
standing  of  water  usage  is  a  large  part  of  EISA-specified  water  evaluation. 
Furthermore,  a  detailed  understanding  of  how  much  water  is  used  by  differ¬ 
ent  classes  of  users  (e.g.,  domestic  versus  industrial)  and  how  that  use  varies 
over  time  (peak  use,  seasonal  variation,  etc.)  is  the  base  on  which  the  remain¬ 
der  of  the  water  conservation  plan  is  constructed.  It  is  impossible  to  calculate 
the  benefit  of  various  conservation  measures  without  a  clear  picture  of  water 
demand  throughout  the  implementation  period  and  lifespan  of  those  meas¬ 
ures. 

7.1.2  Identify  and  analyze  water  efficiency  measures 

Once  water  usage  has  been  fully  illustrated,  potential  water  savings  must  be 
identified.  Knowledge  of  water  efficiency  and  conservation  practices  is  impor¬ 
tant  for  this  stage  of  the  water  conservation  planning  process.  The  Depart¬ 
ment  of  Energy  has  developed  a  wealth  of  information  to  aid  in  the  imple¬ 
mentation  of  E.0. 13423  that  addresses  water  efficiency  and  conservation 
practices,  including  a  list  of  best  management  practices  (BMPs)  that  should 
be  used  to  implement  the  executive  order1.  A  cursory  introduction  of  some 
such  practices  appears  below;  however,  many  more  resources  exist  on  the 
topic.  All  potential  methods  for  saving  water  should  be  identified  and 
screened  for  appropriateness.  AWWA  (2006)  suggests  screening  based  on: 

1.  Cost-effectiveness; 

2.  Technology  maturity'; 

3.  Local  conditions; 

4.  Customer  acceptance;  and, 

5.  The  availability  of  substitutes. 

Once  a  list  of  potential  conservation/efficiency  measures  has  been  identified, 
future  water  savings  can  be  calculated  for  each  of  the  potential  water  conser¬ 
vation  measures. 


•  For  further  guidance  on  E.0. 13423.  including  requited  Dent  Management  Practices  (BMPs),  see 
httpy/Army  erergy.liqda.  pentagon.mil/  ixilities/water.con.asp. 

'  The  following  draws  in  large  part  from  AWWA  (20061. 

‘  See  http://Armyenetgr.hiida.Bentagon.mil/palities/  water  .con.asp. 
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7.1.3  Water  efficient  measure  selection 

Projected  water  demand  and  water  savings  calculations  can  be  combined  to 
create  a  series  of  alternative  scenarios  for  meeting  long-term  water  needs. 
These  scenarios  can  include  bundles  of  BMPs  and  supply  development  op¬ 
tions.  TWM  takes  a  long-term  perspective  that  considers  social  and  environ¬ 
mental  impacts  in  addition  to  economic  ones.  This  approach  means  that  the 
monetary  implications  of  conservation  measures  -  infrastructure  and  capital 
casts,  operations  and  management  budgets,  energy  and  wastewater  expenses 
-  must  be  considered  in  the  long  term,  and  that  impacts  on  equity  and  envi¬ 
ronmental  health  must  be  taken  into  consideration.  AWWA  (2006)  suggests 
scenario  selection  based  on  the  following  criteria: 

1.  Ability  to  meet  long-term  water  goals; 

2.  Cost-effectiveness; 

3.  Regulatory  requirements; 

4.  Public  input; 

5.  Environmental  benefits; 

6.  Partnerships  opportunities; 

7.  Budget/  staffing  requirements;  and, 

8.  Community  impacts. 

Compliance  with  EISA  and  E.0. 13423  should  also  be  considered  at  the  meas¬ 
ure-selection  phase  of  the  planning  process. 

When  evaluating  a  potential  water  conservation  plan,  it  Is  useful  to  look  at  the 
sum  advantages  and  disadvantages  of  the  entire  plan.  A  measure  especially 
beneficial  in  only  one  area  can  sometimes  offset  another  measure  especially 
beneficial  in  another.  Cost-benefit  analyses  are  well  understood  tools  for 
evaluating  the  cost-effectiveness  of  various  scenarios  while  more  qualitative 
analyses  are  often  performed  with  regard  to  some  of  the  other  criteria.  A  use¬ 
ful  source  for  both  the  technicalities  of  benefit-cost  analysis  and  a  framework 
for  incorporating  non-economic  criteria  into  decision-making  processes  is 
Water  Efficiency  Programs  for  Integrated  Water  Management  (AWWA-RF 
2007). 

7.1.4  Create  a  formal  plan 

Once  a  particular  bundle  of  water  conservation  and  efficiency  measures  has 
been  chosen,  a  formal  w’ater  conservation  plan  must  be  developed  to  ensure  it 
is  effectively  implemented.’  The  public  should  be  consulted  for  their  input 


'  For  a  sample  water  conservation  ptan.  see  Summary  Report  for  WSMR  tvaier  Va'ia^eine/if  plan. 


ERDC/CERl  TR-09-38 


133 


and  potential  partnerships  should  be  explored  with  other  agencies  (e.g.,  re¬ 
gional  planning,  wastewater  and  energy  utilities)  as  part  of  the  formal  plan 
development.  A  detailed  budget  and  schedule  must  be  drawn  up  to  support 
the  implementation  of  the  water  conservation  plan.  Furthermore,  programs 
to  track  the  performance  of  the  plan  must  be  developed  so  that  the  program 
can  be  evaluated  and  modified,  if  necessary,  to  ensure  that  the  measures  im¬ 
plemented  are  achieving  the  water  conservation  needed  to  safeguard  the  wa¬ 
ter  supply  in  the  long-term.  This  data  can  provide  a  useful  basis  for  knowl¬ 
edge  sharing  between  programs  and  will  also  produce  requisite 
documentation  proving  facility*  compliance  with  EISA  and  E.0. 13423. 

7.2  Water  Conservation  and  Efficiency  Measures* 

The  following  is  a  brief  introduction  to  a  variety  of  potential  measures  that 
can  be  employed  by  Army  installations  to  achieve  greater  water  efficiency. 
Water  efficiency  measures  are  grouped  by  facility  type  with  the  exception  of 
water  monitoring  and  lass  programs  which  apply  to  all  facilities.  The  effi¬ 
ciency  measures  listed  here  are  in  no  way  comprehensive  and  will  not  all  be 
appropriate  for  every  Army  installation. 

7.2.1  Water  monitoring  and  loss  programs 

Understanding  where,  how,  and  how  much  water  is  used  in  the  facilities  at  an 
installation  is  the  prerequisite  to  the  development  of  a  water  efficiency  plan. 
This  knowledge  is  both  the  key  to  knowing  the  water  conservation  and  effi¬ 
ciency  measures  that  will  generate  water  savings  and  to  maintaining  those 
water  savings.  Water  systems  and  fixtures  require  continuous  attention  and 
repairs  to  run  at  the  optimum  level  of  efficiency.  Thus  having  a  working 
knowledge  of  how  water  Is  used  in  a  facility  and  monitoring  that  use  is  in 
some  way  the  most  important  water  conservation  and  efficiency  measure  that 
can  be  taken. 

7.2. 1. 1  Water  monitoring 
Water  monitoring  requirements  are: 

•  E.O. 13423  requires  baseline  data  be  collected  about  water  usage  for  all 
facilities.' 

•  EISA  requires  water  evaluations  be  performed  for  25  percent  of  "covered” 
facilities  each  year.’ 


*  When  rx*  otherw.se  documented,  the  information  used  in  the  remainder  of  the  chapter  is  dra*wn  from  Vick¬ 
ers.  2002.  and  the  Alliance  for  Water  Efficiency,  information  about  product  specification  comes  from  Wa- 
terSense.  Energy  Star.  FEMP.  and  CEE. 

t  Executive  Order  13423.  “Strengthening  Federal  Environmental.  Energy,  and  Transportation  Management." 
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Some  efficiency  measures  for  water  monitoring  are: 

•  Perform  a  water  audit  that  inventories  all  uses  of  water  on-site  and  deter¬ 
mines  the  amount  of  unaccounted  for  water. 

•  Update  existing  water  audit  regularly. 

•  Meter  100  percent  of  water  use. 

A  water  audit  is  an  inventory  of  all  water  use  on  site.  It  is  essentially  an  ac¬ 
counting  of  the  water  that  flows  through  a  site,  much  like  the  accounting  of 
money  that  flows  through  an  organization.  Ideally,  this  information  is  gath¬ 
ered  using  water  meters,  but  where  usage  is  unmetered,  engineering  esti¬ 
mates  can  be  used  to  help  calculate  water  usage.  In  addition  to  flows  of  water 
through  a  site,  it  is  useful  to  gather  very  specific  information  about  the  fix¬ 
tures  and  appliances  that  use  water  such  as  the  number  of  gallons  flushed  by 
each  flush  of  a  toilet  onsite  or  the  gallons  of  water  a  food  steamer  typically 
uses  per  hour.  The  Federal  Energy  Management  Program  (FEMP)  has  a  use¬ 
ful  tool  for  calculating  cost  savings  from  water  conservation  that  includes  this 
soil  of  careful  water  accounting.  The  tool,  called  Watergy,  is  available  from 
the  FEMP  website.*  1  At  a  minimum,  this  data  should  provide  the  baseline  wa¬ 
ter  use  data  required  by  E.0. 13423,  the  water  evaluation  data  required  by 
EISA,  and  also  information  regarding  any  unaccounted-for  water  (water  that 
enters  the  site,  but  is  not  accounted  for  in  any  of  the  end-uses);  however,  the 
more  detailed  the  data,  the  more  useful  the  audit  will  be  in  support  of  water 
conservation  programs  immediately  or  in  the  future. 

The  data  from  a  water  audit  is  the  backbone  of  any  plan  of  action  regarding 
water  efficiency  and  conservation.  Data  makes  it  clear  where  the  biggest  wa¬ 
ter-users  are  and  thereby  where  conservation  and  efficiency  measures  have 
the  potential  to  make  the  biggest  differences.  It  can  be  used  to  calculate  the 
water  savings  from  a  proposed  bundle  of  water  efficiency  measures,  deter¬ 
mine  payback  periods,  and  perform  cost-effectiveness  analyses.  The  data 
should  also  help  identify  areas  of  potential  water  loss  and  thereby  help  direct 
leak  detection  and  repair  resources.  Regularly  updating  a  water  audit  ensures 
its  usefulness  over  the  long  term,  allows  it  to  be  used  as  a  measure  of  the  pro- 


•  The  Dtergy  Independence  anil  Security  Act  nt  2007.  Covered  fabMies  we  those  whch  constitute  at  lea  si 
75  percent  of  the  agency's  facility  energy  use. 

1  FEMP’s  Watergy  tool  Is  stailaUe  at 

http: //wwal.eere.enerEy.EQi/feiP/ information/ download  waterev.html.  rne  program  nao  provides  water 
use  indices  that  allow  for  the  estimation  of  water  use  l>y  budding  type  in  conjunction  with  baseline  data  re¬ 
quirements  for  E.0. 13423 at  http://  wwl.eere.energy.eov/femp/ water/water  uspinoices.html. 
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gress  of  any  water  efficiency/ conservation  programs  in  place  (a  part  of  EISA 
requirements),  and  can  help  to  identify  emerging  trends  such  as  new  leaks  or 
new  potential  conservation  areas. 

Meters,  as  mentioned  above,  can  provide  important  information  regarding 
water  use  in  a  facility.  This  information  informs  the  water  audit,  water  effi¬ 
ciency  calculations  and  analyses,  and  programs  that  monitor  water  loss.  In¬ 
formation  regarding  water  usage  over  time  is  particularly  useful  as  it  allows 
for  the  same  kind  of  trend  identification  as  does  water  auditing.  Metered  in¬ 
formation  is  much  preferable  to  engineering  estimates  as  estimates  are  based 
on  assumptions  about  typical  water  usage.  Unfortunately  if  something  about 
water  usage  is  atypical  at  a  particular  site,  such  as  a  leak,  engineering  esti¬ 
mates  may  not  always  discern  that  abnormality.  Comprehensive  metering  is 
part  of  the  infrastructure  that  facilitates  water  conservation  and  efficiency. 

Installation  of  water  meters  is  required  by  EISA  and  DoD  criteria  and  is  cur¬ 
rently  managed  by  Huntsville  Center  of  the  Corps  of  Engineers.  The  priority 
for  meter  installation  is  for  installation  of  electrical  meters  first  (required  by 
3<>Sep2<)i2)  followed  by  natural  gas,  steam,  and  water  (required  by 
3<>Sep2<n6).  Installation  of  7,000  water  meters  funded  by  IMCOM  is  pro¬ 
grammed  for  FY13.  Some  garrisons  are  electing  to  install  water  meters  earlier 
utilizing  OMA  funds  or  FY09  end-of-year  IMCOM  funding.  These  include 
Foil  Gordon,  Fort  Leavenworth,  Fort  Sam  Houston,  and  Fort  Hamilton  (util¬ 
izing  ARRA'/stimulus  funds).  U.S.  Army  Reserve  Centers  and  medical  treat¬ 
ment  centers  are  installing  meters  on  a  region  by  region  basis  as  funded  by 
their  commands  (Murrell  2009). 

7.2. 1.2  Waier  loss  program 

Some  efficiency  measures  for  Water  loss  programs  are: 

•  Optimize  the  system  water  pressure. 

•  Perform  regular  maintenance  for  water  fixtures  and  water-using  appli¬ 
ances. 

•  Detect  and  fix  any  extant  leaks. 

•  Fund  a  water  loss  program  to  detect  and  fix  ongoing  water  loss  issues. 

The  most  water-efficient  fixtures  and  practices  can  still  waste  large  amounts 
of  water  when  the  water  system  to  which  they  are  attached  is  leaky.  Pipes 
break,  fixtures  leak,  and  varying  amounts  of  water  disappear  before  ever 
reaching  a  tap.  All  water  systems  experience  some  amount  of  water  loss.  Typi- 


•  American  Recovery  arc!  Reinvestment  Act.  February  2009 
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cally  water  systems  are  expected  to  strive  toward  the  level  of  leakage  at  which 
the  value  of  water  lost  is  equal  to  the  cost  of  intervention  activities  to  control 
that  loss.  Thus  is  called  the  economic  level  of  leakage  and  will  vary  from  sys¬ 
tem  to  system  (AVVWA  2006).*  There  are  a  number  of  water  efficiency  meas¬ 
ures  that  can  he  taken  to  achieve  this  level  of  leakage. 

Water  pressure  in  a  water  distribution  system  must  be  high  enough  to  keep 
the  water  flowing  through  the  pipes  and  correctly  discharging  from  water  fix¬ 
tures.  However,  the  higher  the  pressure,  the  more  wear  and  tear  received  by 
the  pipes  and  the  more  water  lost  to  any  leaks  in  the  system.  Thus,  optimizing 
water  pressure  is  important  for  combating  water  lass  and  can  help  yield  a 
more  efficient  water  distribution  system  (Barry  2007). 

Regular  maintenance  of  water-using  appliances,  water  fixtures  and  the  water 
distribution  system  itself  are  also  important  to  controlling  water  loss.  Preven¬ 
tive  maintenance  for  water-related  equipment  helps  to  prevent  leaks  before 
they  spring  and  is  often  much  less  costly  than  are  repairs.  Thus,  regular  main¬ 
tenance  is  an  important  water  efficiency  measure. 

In  addition  to  preventing  leaks  through  pressure  optimization  and  regular 
maintenance,  actively  working  to  detect  and  repair  leaks  will  further  limit  wa¬ 
ter  loss.  Larger  leaks  in  water  fixtures  and  appliances  are  often  visually  or  au¬ 
dibly  noticeable,  but  seepage  and  smaller  leaks  should  be  checked  for  with  a 
close  visual  examination  (and  in  most  toilets  with  tanks,  a  dye  tablet)  on  a 
regular  schedule.  Likewise,  pipes  should  be  checked  for  leakage  regularly. 
Common  methods  for  detecting  leaks  in  pipes  include  acoustic  techniques 
and  flow  measurement.  Acoustic  techniques  involve  using  tools  that  can  de¬ 
tect  differences  in  the  sound  of  water  flowing  through  pipes  to  discover  leak¬ 
age.  Flow  measurement  techniques  involve  measuring  the  flow  at  two  differ¬ 
ent  points  in  a  pipe  to  determine  if  there  is  leakage  (AWWA  2007). 
Comprehensive  metering,  described  above,  can  help  to  detect  leakage  by  pro¬ 
viding  data  about  spikes  in  usage  or  by  being  used  as  a  data  point  for  flow 
measurement  leak  detection. 

Finally,  funding  some  sort  of  program  to  control  water  loss  on  an  ongoing  ba¬ 
sis  is  an  important  step  in  achieving  optimum  water  efficiency.  Water  lass  is 
an  ongoing  problem  and  therefore  needs  proactive  attention.  Funding  a 
mechanism  to  ensure  that  as  few  leaks  occur  as  possible,  and  that  when  they 
do  occur  they  are  found  out  and  repaired  quickly  will  generate  considerable 
water  savings  over  the  lifetime  of  the  program. 


•  Whae  this  standard  is  most  often  applied  to  water  supply  systems.  the  standard  ana  the  logic  behind  it  are 
just  as  appteable  to  a  site.  fac*ty.  or  even  a  single  building. 
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7.2.2  Residential  buildings 

Potential  water  efficiency’  measures  for  residential  buildings  revolve  around 
the  water  fixtures  such  as  toilets,  faucets,  and  clothes  washers  that  are  part  of 
everyday  life.  Therefore  these  measures  often  extend  to  buildings  in  the  in¬ 
dustrial,  commercial,  and  institutional  sectors  as  well  (making  them  useful 
tools  for  reaching  the  water  conservation  goal  of  E.0. 13423).  While  behavior 
surrounding  water  usage  can  make  a  large  difference  in  water  use  for  all 
buildings,  this  section  will  focus  largely  on  non-behavioral  modifications  that 
have  the  potential  to  save  water.  Therefore,  for  residential  buildings,  most  wa¬ 
ter  conservation  measures  involve  the  replacement  or  retrofit  of  inefficient 
water  fixtures  and  appliances.  Information  gathered  in  the  water  audit  should 
help  with  identification  of  inefficient  fixtures/appliances  that  need  replace¬ 
ment. 

Whenever  available,  WaterSense  specifications  will  be  recommended  as  part 
of  these  efficiency  measures.  WarerSense  is  an  USEPA  program  that  helps 
consumers  choose  quality,  water  efficient  products  and  services.'  The  USEPA 
works  with  manufacturers  to  develop  water  efficient  specifications  for  various 
products  and  provides  WaterSense  labels  to  products  that  have  been  inde¬ 
pendently  certified  to  meet  specifications.  The  USEPA  is  still  in  the  process  of 
developing  its  full  body  of  specifications.  Thus,  it  is  recommended  that  the 
WaterSense  website  (htiDi/.w^  eDa  eov/wateistn^'  )  be  checked  regularly  to  keep 
installations  abreast  of  new  specifications  or  updates  to  existing  specifica¬ 
tions. 

The  implementation  instructions  for  E.O.  13423  direct  Federal  agencies  to 
purchase  WaterSense  products  whenever  possible  (DOE  2008).  WaterSense 
products  are  thus  both  the  water-efficient  and  E.O.  13423-compliant  choice. 
EISA  also  limits  Federal  agency  purchases  of  certain  products  to  those  that 
are  designated  by  the  FEMP  or  Energy  Star  qualified  (Sissine  2007).  Where 
I  V'ofcrScnse-labeled,  FEMP-designated,  or  Energy  Star-qualified  products  ex¬ 
ist,  they  will  be  identified  below.  Other  Federal  regulations  with  regard  to  the 
water  flow  through  specific  fixtures  will  be  outlined  when  WaterSense,  FEMP, 
or  Energy'  Star  requirements  are  not  in  place. 


’  S-e  tin-  W»to Sense  iwbaite:  hnnV/www.eoa-lJov/walC’Sense/  lor  more  inlor  (nation. 
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7. 2.2.1  Toilets 
Requirements  for  toilets  are: 

•  WaterSense:  tank-type  toilets  must  have  effective  flush  volumes  of  1.28 
gpf  or  less.* 

•  U.S.  Energy  Policy  Act  0/1992  (EPAct):  all  toilets  sold,  imported,  or  in¬ 
stalled  in  the  United  States  must  have  flush  volumes  of  1.6  gpf  or  less. 

Some  efficiency  measures  for  toilets  are: 

•  Replacement  -  Replace  older  toilets  with  high-efficiency  toilets  (1.28  gpf). 

•  Replacement  -  Replace  older  toilets  with  composting  toilets. 

•  Retrofit  -  Retrofit  flushometer-valve  toilets  with  a  diaphragm-valve  re¬ 
placement  kit  (may  require  bowl  replacement). 

•  Retrofit  -  Retrofit  flushometer-valve  toilets  by  turning  the  screw  on  the 
valve  to  increase  water  efficiency  (not  possible  for  all  units). 

The  largest  water  users  in  the  residential  sector  are  toilets,  typically  account¬ 
ing  for  more  than  a  quarter  of  indoor  usage  (Vickers  2002).  Using  graywater 
for  flushing  toilets,  discussed  further  below,  holds  great  potential  for  saving 
water  in  residential  buildings.  Whether  or  not  graywater  is  used,  however, 
limiting  the  amount  of  water  flushed  down  the  toilet  is  an  important  effi¬ 
ciency  measure  that  can  be  applied  to  these  water- intensive  fixtures.  Savings 
are  achieved  in  this  arena  by  reducing  the  number  of  gallons  of  water  used  for 
every  flush  of  the  toilet,  i.e.,  reducing  the  number  of  gallons  per  flush  (gpf). 

Tank-type  toilets  can  earn  the  WaterSense  label  by  having  an  effective  flush 
volume  of  1.28  gpf  or  less.  These  “high-efficiency  toilets"  (HETs)  are  com¬ 
monly  available  and  are  able  to  flush  waste  just  as  effectively  as  older  toilets 
with  higher  flush  volumes  (USliPA  WaterSense  2007).  Though  no  Wa- 
terSense  label  has  yet  been  developed,  valve-type  HETs  are  available  as  well. 
Additionally,  HETs  are  by  no  means  the  limit  of  toilet  water  efficiency;  pres¬ 
sure-assisted  1.0  gpf  toilets  are  commonly  available  and  can  achieve  even 
higher  water  savings  than  can  the  HETs.  Replacing  older  toilets  -  especially 
those  installed  before  1994  that  have  effective  flush  volumes  of  3.5  gpf  or 
greater  -  with  toilets  that  flush  at  1.28  gpf  or  less  can  save  a  great  deal  of  wa¬ 
ter  (information  about  gpf  rating  for  existing  toilets  should  be  gathered  on  the 
water  audit). 


*  Effective  flush  volume  is  gener ally  considered  lo  be  the  average  flush  volume  for  a  single  flush  to-et  or  the 
average  of  one  *fi**  flush  and  1*0  -reduced’  lushes  for  a  dual  flush  loilei  (EPA  WaterSense  2007). 
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Another  water  saving  option  is  to  install  a  system  of  composting  toilets  in  lieu 
of  traditional  flush  toilets.  Composting  toilets  use  virtually  no  water  and,  if 
operated  correctly,  result  in  a  safe  odor-free  end  product  that  is  easy  to  clean 
out.  A  composting  system  has  different  infrastructure  needs  than  do  tradi¬ 
tional  toilets  and  thus  can  sometimes  be  easier  to  incorporate  into  the  plans 
for  new  construction  than  retrofitted  into  an  extant  building;  however,  de¬ 
signers  of  composting  toilet  systems  can  do  both. 

Finally,  for  flushometer-valve  toilets  (the  kind  of  tankless  toilet  most  often 
seen  in  non-residential  applications)  some  water-conserving  retrofit  options 
exist  for  cases  where  replacement  is  not  feasible.  These  include  installing  a 
valve-diaphragm  replacement  kit  or  turning  a  screw  sometimes  located  on  the 
flush  valve  to  adjust  the  amount  of  water  used  for  each  flush.  Valve  replace¬ 
ment  is  only  appropriate  for  toilets  with  an  effective  flush  volume  of  3.5  gpf  or 
greater  and  can  sometimes  necessitate  a  replacement  bowl  to  avoid  clogging 
problems.  Both  adjustments  result  in  a  water  use  reduction  of  up  to  1.0  gpf. 

1.2.2.2  Urinals 
Requirements  for  urinals  are: 

•  WaterSense:  (in  development)  urinals  must  have  effective  flush  volumes 
of  0.5  gpf  or  less. 

•  FEMP :  urinals  must  have  effective  flush  volumes  of  1.0  gpf  or  less. 

Some  efficiency  measures  for  urinals  are: 

•  Replacement  -  Replace  older  urinals  with  waterless  urinals  or  with  0.5  gpf 
urinals  in  systems  that  cannot  handle  waterless  urinals. 

•  Retrofit  -  Retrofit  flushometer-valve  urinals  with  a  diaphragm-valve  re¬ 
placement  kit. 

•  Retrofit  -  Retrofit  flushometer-valve  urinals  by  turning  the  screw  on  the 
valve  to  increase  water  efficiency  (not  possible  for  all  units). 

•  Retrofit  -  Replace  the  valve  on  a  higher  water-using  flushometer-valve 
urinal  with  a  valve  for  a  lower  water-using  urinal  (not  possible  for  all 
units). 

Army  Installation  Design  Standard  requires  that  all  new  construction  and  ma¬ 
jor  repair  projects  use  waterless  urinals  (USAGE  2006).  At  virtually  no  water 
usage,  waterless  urinals  have  the  potential  to  provide  significant  water  sav¬ 
ings  for  high-traffic  lavatories,  especially  when  replacing  older,  more  water- 
inefficient  models.  Waterless  urinals  require  different,  but  generally  no  more, 
maintenance  than  water-using  urinals.  It  is  important  to  ensure  that  a  sewer 
system  can  handle  the  reduced  liquid  volume  and  higher  concentration  of 
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waste  resulting  from  the  installation  of  waterless  urinals,  as  these  issues  can 
sometimes  cause  problems  in  older  sewer  systems.  Also  in  some  retrofit  ap¬ 
plications,  the  sewer  lines  are  not  sloped  enough  to  handle  the  reduced  flows 
(Demiriz  2006).  In  these  cases,  high  efficiency  urinals  that  use  a  maximum  of 
0.5  gpf,  though  models  using  as  little  as  a  pint  of  water  per  flush  are  available, 
could  be  considered  (Koeller  2005). 

There  is  concern  in  the  plumbing  industry  over  the  relatively  new  technical 
issue  of  “dry  drains”.  Concern  for  drainline  transport  efficacy  has  been  voiced 
by  members  of  the  plumbing  trade  since  low-flush  toilets  were  first  mandated 
in  the  United  States  in  1994.  At  the  recent  1SH,  the  worlds  leading  trade  fair 
for  the  plumbing  and  heating  industry,  there  was  a  special  Dry  Drains  Forum. 
The  Plumbing  Efficiency  Research  Coalition  (PERC),  a  coalition  formed  in 
February  2009  and  comprised  of  five  industry1  organizations’,  has  identified 
Drainline  Transport  as  its  first  research  project. 

Traditional  water-using  flushometer  valve  urinals  can  also  be  retrofitted  to 
use  less  water,  as  with  flushometer  valve  toilets.  Both  the  valve-diaphragm 
replacement  kit  and  the  screw  adjustment  mentioned  above  are  potential  ret¬ 
rofit  options  for  urinals.  Additionally,  in  some  of  the  lower  flush  volume  uri¬ 
nals  (1.5  to  3.0  gpf).  the  flush  valve  itself  can  be  replaced  with  an  even  newer 
0.5  or  1.0  gpf  flush  valve  to  achieve  water  usage  reductions. : 

7. 2.2.3  Shov.erheads 
Requirements  for  showerheads  are: 

•  WuterSense :  (label  in  development)  showerheads  must  have  flow  rates  of 
1.5  to  2.0  gpm  or  less  at  80  psi. 

•  FEMP :  showerheads  must  have  flow  rates  of  2.2  gpm  or  less  at  80  psi. 
Some  efficiency  measures  for  showerheads  are: 

•  Replacement  -  Replace  older  showerheads  with  high-efficiency  shower¬ 
heads  (1.5  to  2.0  gpm  at  80  psi  or  less). 

•  Behavioral  -  Use  an  on/off  valve  during  showers. 


•  These  organizations  aie  the  Alliance  for  water  Efficiency.  International  Association  of  Plumbing  ana  Me¬ 
chanical  Officials.  International  Code  Council.  Plumbing-Heating  Coofcng  Contractors  Association,  and 
Plumbing  Manufacturers  Institute. 

t  For  greater  differences  in  Hush  volumes,  e.g.  retrofitting  a  from  3.5  gpf  urnal  to  a  LO  gpf  model,  urnals 
may  run  into  problems  full)'  evacuating  licjuid.  Retrofits  to  pint-urinals  should  include  a  retrofit  to  the  body 
of  the  urinal  to  ensure  complete  evacuation.  (Conversation  with  Jamie  NoWes.  22  July  2009) 
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WaterSense  is  in  the  process  of  developing  specifications  for  high-efficiency 
showerheads,  hut  it  expects  to  require  IVoterSense-labeled  showerheads  to 
use  no  more  than  1.5  to  2.0  gallons  per  minute  (gpm)  at  a  water  pressure  level 
of  80  pounds  per  square  inch  (psi).  Such  showerheads  are  already  on  the 
market  and  have  price  tags  roughly  equivalent  to  more  water-inefficient  mod¬ 
els  (Stoughton,  et  al.  2005).  Additionally,  some  showerheads  come  with 
on/off  valves  -  these  features  can  save  additional  water,  but  only  if  actually 
used  during  showers. 

7.2.2A  Faucets 
Requirements  for  faucets  are: 

•  WaterSense:  residential  lavatory  faucets  must  have  flow  rates  of  1.5  gpm 
or  less  at  60  psi. 

•  FEMP :  lavatory  faucets  must  have  flow  rates  of  2.0  gpm  or  less  at  60  psi. 

•  EPAct :  faucets  must  have  flow  rates  of  2.2  gpm  or  less  at  60  psi. 

Some  efficiency7  measures  for  faucets  are: 

•  Replacement  -  Replace  older  faucets  with  low'-flow  and  high-efficiency 
alternatives  (2.2/1.5/0.5  gpm/o-25  gpc  at  60  psi  for  kitchen/residential 
lavatory/public  lavatory/metering  uses  respectively). 

•  Retrofit  -  Add  an  aerator  to  higher  flow  faucets  to  achieve  lower  flows. 

•  Behavioral  -  Switch  from  dispasing  of  organic  waste  using  a  food  waste 
dispasal  to  composting. 

The  best  practice  for  faucet  water  usage  varies  by  faucet  type.  Generally, 
kitchen  faucets  require  a  relatively  high  water  flow  to  fill  pots  and  perform 
other  kitchen-related  tasks.  Maximum  water  flows  from  the  most  recent  Fed¬ 
eral  legislation,  the  U.S.  Energy  Policy  Act  of  1992  (EPAct),  which  specify 
maximum  faucet  water  tlow  at  2.2  gpm  at  60  psi,  are  still  considered  appro¬ 
priate  for  kitchen  faucets.  A  number  of  more  w’ater-efficient  kitchen  faucets 
are  available  for  those  willing  to  forego  quickly  filled  kitchen  sinks;  some  even 
have  adjustable  flow  rates  to  allow  for  the  higher  flow  when  needed.  These 
lower-flow  kitchen  faucets  should  be  considered  and  installed  where  appro¬ 
priate  to  achieve  further  kitchen  water  savings. 

WaterSense  has  released  a  more  stringent  specification  for  non-public  lava¬ 
tory  faucets.  To  warrant  a  WaterSense  label,  private  residential  lavatory  fau¬ 
cets  must  have  a  flow  rate  no  greater  than  1.5  gpm  at  60  psi.  Best  practice  for 
public  lavatory  faucets  comes  from  an  American  Society  of  Mechanical  Engi¬ 
neers  (ASME)  code,  which  requires  a  flow  rate  of  no  greater  than  0.5  gpm  at 
60  psi  except  for  metering  faucets  that  should  flow  at  25  gallons  per  cycle 
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(gpc)  according  to  the  Code  of  Federal  Regulations.'  Often,  these  levels  of  wa¬ 
ter  flow  are  achieved  as  effectively  with  replacement  fixtures  as  with  faucet 
aerators.  Faucet  aerators  restrict  water  flow  while  maintaining  the  feel  of 
higher  pressure  by  mixing  air  into  the  flowing  water. 

There  are  a  variety  of  different  mechanisms  for  activating  faucets  beyond  the 
traditional  manual  method.  These  include  sensors  that  turn  faucets  on  when 
triggered  by  a  person’s  presence  and  faucets  that  shut  off  after  a  certain 
amount  of  time  has  passed  or  water  has  flowed.  In  theory,  many  of  these 
mechanisms  have  the  potential  to  help  conserve  water.  In  fact  that  was  the 
intention  behind  the  development  of  some.  However,  a  number  of  empirical 
studies  contest  the  idea  that  manual  water  faucets  are  less  efficient  than  their 
competitors;  sensor-activated  faucets  in  particular  have  been  shown  to  use 
more  water  than  their  manual  counteqjarts. :  While  more  studies  are  certainly 
needed  to  clarify  the  most  water-efficient  faucet  activation  method,  caution 
should  be  used  when  considering  non-manual  faucets,  and  especially  sensor 
activated  faucets,  to  ensure  that  the.se  models  are  the  most  water  efficient  op¬ 
tion.' 

Food  waste  disposers  are  another  aspect  of  faucet  water  usage  in  the  residen¬ 
tial  sector.  From  a  pure  water  perspective,  food  waste  disposers  constitute  an 
unnecessary  use  of  water  because  organic  waste  can  be  disposed  of  in  a  num¬ 
ber  of  other  ways.  Thus  perspective  is  probably  best  applied  in  a  drought  situa¬ 
tion.  From  a  broader  perspective,  there  are  pros  and  cons  to  various  methods 
of  food  disposal  and  sometimes  using  a  food  waste  disposer  is  preferable  to 
other  forms  of  disposal.  When  possible,  composting  is  always  considered  the 
mast  efficient  and  environmentally  friendly  way  to  dispase  of  organic  wastes. 
When  composting  is  not  an  option,  disposal  to  the  sewer  via  a  food  waste  dis¬ 
poser  Is  generally  considered  to  be  environmentally  preferable  to  an  incinera¬ 
tor;  when  choosing  between  a  sewer  system  (via  a  disposer)  and  a  landfill, 
whichever  utility'  captures  waste  methane  is  considered  the  preferable  option 
for  organic  waste  (Liebenluft  20o8).S 


•  ASME  code  from  'Table  1  of  ASME  A112.12.1-Phimbing  Supply  Filings':  Federal  regulators  code  from  *10 
CFR  Part  430.'  |EPA  iVaterSense  2007.  p.  3). 

<  See  for  e«ample  Mills,  et  at  12002)  or  Fanney.  et  al.  (2002). 

>  Smilarly.  automatic  flushing  sensors  for  toilets  snouM  be  used  with  careful  attention  given  to  their  calibra¬ 
tion  as  Urey  can  waste  water  when  not  set  correctly  (automatic  flushing  a  geretasy  intended  to  reduce  the 
spread  of  germs,  not  save  wateri  (Vdkers.  2002). 

'<  See  also  Diggelman  and  Ham.  2003  and  Lurdie  ard  Peters.  2005. 
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7.2.2. 5  Clothes  washer 
Requirements  for  clotlies  washers  are: 

•  Energy  Star:  clothes  washers  must  have  water  factors  of  7.5  or  less;  this 
maximum  allowable  water  factor  will  be  lowered  to  6.0  on  11  January 
2011.* 

•  FEMP:  clothes  washers  must  have  water  factors  of  8.0  or  less. 

Some  efficiency  measures  for  clothes  washers  are: 

•  Replacement  -  Replace  older  clothes  washer  with  Energy  Star  or  Consor¬ 
tium  for  Energy  Efficiency  (CEE)  clothes  washer  (15  gpc  on  average). 

•  Behavioral  -  Operate  clothes  washer  only  when  full  using  low-water,  short 
cycles. 

While  there  are  no  WaterSense  specifications  for  clothes  washers,  both  En¬ 
ergy  Star  and  the  Consortium  for  Energy  Efficiency  (CEE)  specify  high- 
efficiency  clothes  washers  that  achieve  both  water  and  energy  savings.'  High 
efficiency  washers  are  often  front  loading  as  opposed  to  top  loading,  as  front 
loading  washers  can  typically  clean  more  effectively  with  less  water.  These 
high-efficiency  washers  have  a  maximum  water  factor  of  7.5  (use  a  maximum 
of  7.5  gallons  of  water  per  cycle  per  cubic  foot  of  washing  space).  However, 
the  most  water  efficient  washers  have  water  factors  of  only  3.1.  On  average, 
Energy  Star  qualified  washers  use  15  gpc.  Furthermore,  if  clothes  washers  are 
operated  only  when  full  on  low-water,  short  cycles,  additional  water  savings 
can  be  realized. 

7.2.2. 6  Dishv/asher 
Requirements  for  dishwaters  for  are: 

•  Energy  Star:  standard/compact  dishwashers  must  respectively  use 
5.8/4. 0  gpc  or  less;  this  maximum  will  be  lowered  to  5.O/3.5  gpc,  respec¬ 
tively,  on  1  July  2011/ 

•  FEMP  requirements  exist,  but  do  not  directly  take  water  into  account. 
Some  efficiency7  measures  for  dishwashers  are: 

•  Replacement  -  Replace  older  dishwasher  with  Energy  Star  dishwasher 
(5.8/4 .0  gpc  maximum  for  standard/compact  models). 


*  Water  factor  Is  defined  as  gallons  of  water  per  cycle  per  cubic  foot  of  washing  space. 

'  For  more  information  visit  the  Energy  Star  and  CEE  websites:  http://www.erergystar.gov  and 
httpy/www.ceel.org'. 

'  Water  factor  is  defined  as  gallons  of  water  per  cycle  per  cubit  foot  of  washing  space. 
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•  Behavioral  -  Operate  dishwasher  only  when  full  and  on  the  shortest  cycle 
passible. 

Dishwashers  also  lack  WaterSense  specifications  but,  like  clothes  washers, 
have  Energy  Slav  criteria  that  include  water  use.  Energy  Star-labeled  dish¬ 
washers  come  in  two  sizes  -  standard  (capable  of  holding  eight  place  settings 
and  six  serving  implements)  and  compact  (not  capable  of  holding  that  much). 
Standard  dishwashers  currently  use  a  maximum  of  5.8  gpc,  and  compact 
dishwashers,  a  maximum  of  4.0  gpc.’  However,  the  mast  water  efficient 
(standard)  dishwashers  use  as  little  hot  water  as  1.6  gpc.  Behavioral  measures 
can  also  impact  the  water  efficiency  of  dishwashers.  Scraping  food  instead  of 
pre-rinsing  and  washing  full  loads  on  the  shortest  cycle  possible  will  ensure 
the  most  efficient  dishwasher  water  use  possible. 

7.2.2. 7  Cost  effectiveness 

Cost  effectiveness  should  be  calculated  for  the  replacement  and  retrofit  of  in¬ 
efficient  water  fixtures  with  the  more  water-efficient  fixtures  detailed  above. 
Tables  23, 24,  and  25  list  product  cost  and  water  use  information  that  can  be 
used  in  combination  with  local  information  to  calculate  cost  effectiveness. 


Table  23.  Average  dally  uses  of  toilet  types  per 
capita. 


Product 

Average  Per  CapHa  Deity  Die 

Day  in  Office 

Day  at  Home 

Female 

Male 

Female  or  Male 

Totet  -  Offa*  Building 

3 

1 

5.1 

Ur*utf  *  Off***  B billing 

0 

2 

5.1 

Totet  -  Howe 

SB 

5.1 

Source:  Victors  2<X>2 

Table  24.  Average  dally  uses  of  fixtures  and 
washers  per  capita. 


Product 

Average  Per  Capita  Daiy  Use 

Shower  head 

5.3  mirVday 

Faucet 

8.1  min/day 

Ctolhee  Washer 

0.37  cycles/day 

DflhAa&her 

0.1  C)CleVd£f/ 

Source:  Vkfcers  2C02 

Tabic  25.  Water  use  amounts  and  average  retail  cost  of  various  water  appliances. 


Product 

Water  Use 

Average  Retail  Cost 

Toilets  -  average  replacement:  12.5  years’  *  * 

High-Efficiency 

L28  gpl 

$232 

Composting  System 

Ogpf 

$5.000-$20.000 

Flush  Valve  Replacement  Kit 

2.5  gpf-. 

$20S25*  * 

Urinals  -  average  replacement:  10  years’  * 

Waterless 

Ogpf 

$338 

New  Flush  Valve 

0.5  -  1.0  gpf 

$100-$150 

•  Starting  July  1. 2011.  these  standards  w*  change  to  5.0  gpc  for  standard  dishwashers  and  3.5  gpc  for 
compact  dishwashers. 
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Product 


Flush  Valve  Replacement  Kit 


Showertiead6  -  average  replacement:  10  years 


High-Efficiency 


Faucets  -  average  replacement:  10  years 


Kitchen:  Low-Volume 


Water  Use 


0.5  gpf» 


Average  Retail  Cost 


S20-S25 


L5  -  2.0  gpm  ■&  80psi 


2.2  gpm  <fl'  60  psi 


1.5/0.5  gpm  ®  60  psi 


2.2/1.5/0.5  gpm  0  60  psi 


15  gpc  (average] 


5.8/4.0  gpc  (maximum! 


Lavatory  (Residential/Public):  High-Efficiency 


Aerator  (Kitchen/ Residential/Public  Lavatory) 


Clothes  Washers  -  average  replacement:  13  years 


High-Efficiency 


Dishwasher  -  average  replacement:  13  years 


High-Efficiency  (Standard/Compact) 


Abbreviations:  gpf  =  gallons  per  flush:  gpm  =  gallons  per  minute:  psi  =  pounds  per  square  inch:  gpc  = 
gallons  per  cycle. 

*  This  should  be  changed  to  the  final  IVaterSense  specification  when  it  is  released  by  IVaterSense. 

*  *  Does  not  include  cost  of  new  bowl. 

*  *  •  While  the  average  life  of  a  urinal  is  20  years.  FEMP  estimates  urinals  to  be  replaced  on  average  at 

the  midpoint  of  their  useful  life;  this  assumption  is  extended  to  toilets  (which  have  an  average  life 
of  25  years). 

Sources:  Email  exchange  with  USEPAs  IVaterSense  Helpline.  1  July  2009:  Vickers  2002:  General  Ser¬ 
vices  Administration  (GSA)  Advantage  (price  information  was  averagedl:  Wallander  2008:  Energy  Star 
(water  usage). 
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Local  information  needed  includes  population,  water  and  wastewater  rates, 
and  current  fixtures/appliances  (the  data  for  the  latter  two  items  should  have 
been  collected  as  part  of  the  water  audit).  It  is  important  to  note  that  the 
prices  listed  above  are  for  the  purchase  of  a  single,  retail  item  -  if  the  product 
in  question  is  likely  to  be  bought  wholesale  or  in  bulk,  the  listed  price  can 
typically  be  reduced  by  15  to  20  percent.  The  installation  cost  of  the  product  is 
not  included  in  these  prices.  The  price  for  installation  will  vary  with  the  ability 
of  in-house  staff  to  perform  the  installation,  the  number  of  fixtures  being  in¬ 
stalled,  and  location  in  the  country. 

KEMP  has  a  number  of  tools  to  assist  in  cost-effectiveness  calculations,  in¬ 
cluding  calculators  for  most  of  the  products  detailed  above.  FEMP's  Watergy 
tool,  mentioned  above,  is  a  useful  and  comprehensive  tool  for  doing  these  cal¬ 
culations:  FEMP  also  provides  cost  calculators  for  individual  products.' 

Per  EISA,  cost-effectiveness  is  calculated  over  the  lifetime  of  the  product  in 
question.  One  advantage  of  the  FEMP  calculators  is  the  inclusion  of  energy 
costs  in  the  cost-effectiveness  calculation.  Reduced  energy  costs  (due  to  re¬ 
duced  hot  water  use)  will  generally  increase  the  likelihood  that  a  conservation 
method  will  be  cost-effective  for  all  fixtures/appliances  except  for  toilets  and 
urinals. 

7.2.3  Commercial,  Industrial,  and  Institutional  buildings 

In  addition  to  the  kinds  of  water  savings  achievable  via  the  replacement 
and/or  retrofit  of  domestic  water  fixtures,  commercial,  industrial,  and  institu¬ 
tional  (CII)  buildings  can  often  take  a  number  of  other  steps  to  conserve  wa¬ 
ter.  Sometimes  these  measures  involve  the  straightforward  retrofit  or  re¬ 
placement  of  a  single  fixture  or  appliance  generally  found  in  a  facility  to 
achieve  water  savings.  Many  times  water  efficiency  measures  will  be  very  spe¬ 
cific  to  the  unique  activities  that  take  place  in  a  given  building. 

As  much  as  possible,  general  strategies  for  achieving  water  savings  will  be  dis¬ 
cussed  below.  However,  researching  specific  strategies  for  water  conservation 
for  CII  facilities  found  to  have  high  water-use  during  the  water  audit  can  often 
yield  significant  savings.  The  more  detailed  the  water  audit  with  regard  to  the 
specific  water-using  activities  going  on  in  a  building,  the  easier  identifying  ar¬ 
eas  of  potential  water  savings  will  be.  It  is  recommended  that  both  general 
and  facility-specific  water-saving  strategies  be  explored  to  most  effectively 
achieve  the  water-efficiency  goals  of  E.0. 13423. 


•  Doth  lools  at  s>ailabte  fcrni  FEMP's  website:  1  •  ein-ij.-.covteirn'-  •nies.inmi. 
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7. 2. 3.1  Heating  and  cooling  systems 

Energy  Star  and  FEMP  requirements  exist  for  a  number  of  products  that 
regulate  temperature  and  climate,  but  none  directly  take  water  into  account. 

Some  efficiency  measures  for  heating  and  cooling  systems  are: 

•  Ensure  climate-control  system  is  shut  down  when  not  in  use. 

•  Retrofit  or  replace  climate  systems  that  use  water  in  a  once-through  (sin¬ 
gle  pass)  manner  so  that  the  system  recirculates  water  (is  a  closed  loop). 

•  Minimize  blowdown  (bleed-off)  for  all  water-using  systems. 

•  Retrofit  or  replace  boilers  and  steam  generators  that  dispose  of  conden¬ 
sate  so  that  the  model  in  use  has  a  condensate  return  system. 

Cl  I  buildings  and  the  equipment  inside  them  are  often  heated  and  cooled  with 
systems  that  use  water.'  The  simplest  and  probably  least  expensive  way  to 
achieve  water  savings  for  all  the  equipment  discussed  in  this  section  is  to  shut 
the  equipment  down  when  the  building  is  empty  and/or  climate  control  is  not 
needed.  Often,  heating  and  cooling  systems  come  with  or  can  be  retrofitted 
with  auto-shutoff  devices  that  perform  this  task  without  requiring  any  behav¬ 
ior  changes  on  the  pail  of  building  inhabitants. 

Once-through  (single  pass)  cooling  systems  are  some  of  the  most  blatant  us¬ 
ers  of  unnecessary  water.  Once  through  systems  cool  a  piece  of  equipment  by 
cycling  cold  water  through  the  equipment  once  and  then  disposing  of  it  (nor¬ 
mally  into  the  sewer  system).  Retrofitting  these  types  of  cooling  systems  to 
recirculate  the  water  through  the  cooling  process  multiple  times  or  replacing 
these  systems  with  air-cooled  systems  can  generate  significant  water  savings. : 

Two  other  forms  of  climate  control,  evaporative  coolers  and  humidifiers,  are 
also  sometimes  users  of  once-through  water  systems.  Evaporative  coolers 
(also  called  swamp  coolers  or  desert  coolers)  cool  spaces  by  circulating  air 
over  a  wet  pad.  The  water  cools  and  humidifies  the  air  that  passes  over  it.  The 
water  used  for  the  pad  can  be  part  of  a  once-through  or  recirculating  system. 

If  once-through,  retrofitting  or  replacing  the  cooler  to  be  recirculating  will 
conserve  water.  Likewise,  recirculating  the  water  used  in  humidifiers  in  a 

•  Saigefarrrfy  residential  buildings  and  residential  etjuipment  do  not  use  water  as  often  for  heating  and  cool¬ 
ing;  however.  in  cases  where  a  residential  use  does  involve  the  equipment  described  in  tins  section,  the 
same  conservation  measures  apply. 

t  Air  cooled  systems  are  generally  more  energy  intensive  than  water  cooled  systems.  When  considering  a 
switch  to  air  cooled  systems,  it  is  important  to  consder  the  added  energy  usage,  m  some  cases,  as  with 
commercial  icemakers  discussed  below,  tire  added  energy  usage  will  be  more  than  offset  by  the  water  re¬ 
duction  savings.  In  other  cases,  as  can  be  so  for  evaporative  coolers,  also  discussed  below,  the  signifi¬ 
cantly  lower  energy  usage  can  make  a  more  water-mtense  system  the  better  choice  (especially  when  the 
water  used  in  energy  production  is  considered! 
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closed  loop  (through  retrofit  or  replacement)  can  conserve  water  that  previ¬ 
ously  would  have  been  sent  down  the  drain. 

Some  amount  of  water  does  have  to  he  disposed  of  in  humidifiers  and  other 
climate  control  systems  to  limit  the  build  up  of  dissolved  solids  in  water.  The 
process  of  disposing  of  water  to  avoid  overly-high  levels  of  dissolved  solids  is 
called  blowdown  (or  sometimes,  bleed-off).  While  blowdown  is  necessary  to 
keep  a  variety  of  equipment,  including  humidifiers,  cooling  towers,  and  boil¬ 
ers/steam  generators  working  correctly,  a  number  of  steps  can  be  taken  to  en¬ 
sure  that  the  minimum  amount  of  water  is  lost  to  blowdown.  These  include 
preventive  maintenance,  adjusting  the  machinery  so  it  operates  at  the  highest 
efficient  concentration  of  dissolved  solids,  and  chemical  treatment  and  me¬ 
chanical  adjustments.  Equipment  adjustments  and  proper  operation  can  also 
help  cooling  towers— which  take  water  heated  from  a  cooling  process  and  cool 
it  down  so  it  can  be  used  to  cool  again— avoid  water  loss  to  evaporation  and 
drift  (mist). 

In  addition  to  blowdown,  boilers  and  steam  generators  can  lose  water  when 
their  steam  condensate  is  not  captured  for  reuse.  Boilers  and  steam  genera¬ 
tors  work  by  creating  steam  that  is  sent  through  the  distribution  system  of  a 
large  building  or  facility  to  warm  spaces.  If  condensate  from  steam  is  dis¬ 
carded  after  use  instead  of  recycled  through  the  system,  water  savings  can  be 
achieved  by  adding  a  condensate  return  system.  Condensate  return  systems  in 
large  district  heating  networks  can  be  problematic  unless  proper  water  chem¬ 
istry  treatment  is  used  to  ensure  that  the  condensate  remains  non-acidic 
(Drew  Chemical  Corporation  1985).’  Further  water  savings  can  be  achieved 
for  boilers/steam  generators,  and  also  cooling  towers  and  once  through  cool¬ 
ing  systems,  if  graywater  is  used  instead  of  potable  water  (discussed  below). 

7. 2.3.2  Commercial  kitchen 
Requirements  for  commercial  kitchens  are: 

•  WaterSense:  (in  development)  pre-rinse  spray  valves  must  flow  at  20  per¬ 
cent  below  Federal  standard  (of  1.6  gpm)  or  less,  i.e.,  at  1.28  gpm  or  less. 

•  Energy  Star:  icemakers  must  be  air-cooled  and  commercial  dishwashers 
must  use  1.00/0.95/0.70/0.54  gallons  of  water  per  dish  rack  depending 
on  whether  they  are  (respectively)  under-counter/stationary  single  tank 
door/single  tank  conveyor/multiple  tank  conveyor-tvpe  dishwashers. 


'  Without  proper  water  chemstry.  condensate  receivers  start  to  teak  and  condensate  is  sent  to  buying 
drains.  Ttus  results  in  the  loss  of  not  ortfy  the  heat  ft  the  return,  but  t be  return  mass  itself.  The  boiler  p4ant 
must  make  up  the  lost  water  costing  more  chemcal  treatment  and  energy.  If  the  make  up  system  cannot 
keep  up.  then  the  s>stem  endures  even  more  damage  due  to  untreated  make  up  entering  the  system. 
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•  FEMP.  pre-rinse  spray  valves  must  flow  at  1.25  gpm  or  less. 

•  Energy  Star  has  requirements  for  steamers,  but  they  do  not  directly  con¬ 
sider  water. 

•  FEMP  has  requirements  for  both  icemakers  and  steamers,  but  they  do  not 
directly  consider  water. 

Some  efficiency  measures  for  commercial  kitchens  are: 

•  Water-Cooled  Once-Through  Icemakers 

o  Replacement  -  Replace  with  air-cooled  Energy  Star  labeled  icemakers 
o  Retrofit  -  Retrofit  into  recirculating  water-cooled  or  air-cooled  system 

•  Boiler-Based  Steamers 

o  Replacement  -  Replace  with  boilerless  (connectionless)  or  CEE  Tier  lb 
steamer' 

•  Cafeteria  trays 

o  Elimination  -  Eliminate  cafeteria  trays  altogether 

•  Pre- Rinse  Spray  Valves  ( PRSVs) 

o  Replacement  -  Replace  older  PRSVs  with  1.25  gpm  PRSVs 
o  Behavioral  -  Scrape  dishes  rather  than  pre-rinsing  whenever  possible 

•  Commercial  Dishwasher 

o  Replacement  -  Replace  with  Energy  Star  labeled  dishwasher 
o  Behavioral  -  Wash  only  full  loads  of  dishes 

•  Garbage  Disposer/Scrapping  Trough 

o  Elimination  -  Eliminate  garbage  disposers/scrapping  troughs 
o  Replacement  -  Use  garbage  strainers  in  the  place  of  disposers 

Commercial  kitchens  are  one  type  of  Cl  I  facility  for  which  water  efficiency 
measures  are  unlikely  to  vary  by  facility.  These  measures  usually  involve  the 
straightforward  retrofit,  replacement,  or,  occasionally,  elimination  of  an  ap¬ 
pliance  or  fixture.  Most,  though  not  all,  of  these  potential  savings  exist  in  the 
dishwashing  arena.  Water  efficiency  measures  not  related  to  dishwashing  in¬ 
volve  the  retrofit  or  replacement  of  outdated  icemakers  and  steamers. 

Commercial  icemakers  generally  come  in  two  types  -  water-cooled  and  air¬ 
cooled.  Water-cooled  icemakers  run  water  through  the  machine,  generally 
without  recirculation,  to  remove  the  rejected  heat.  Replacement  of  once- 
through  water-cooled  icemakers  with  air-cooled  Energy  Star  icemakers  will 
generate  water  savings.  While  air-cooled  units  generally  use  marginally  more 
energy  than  water-cooled  units,  the  difference  is  not  enough  to  offset  the 


•  CEE  Tier  lb  steamers  have  an  the  same  energy  efficiency  requirements  as  Energy  Slot  steamers  but  use 
only  4  gallons  of  water  per  hour  or  lesa;  (111  of  the  136  Energy  Srar  steamers  report  water  usage:  of  those 
111.  91  report  using  1.5  gph  or  less  and  ortfy  12  have  water  usage  figures  greater  than  4  gph.) 
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higher  initial  cost  and  water-use  of  once-through  units  (USEPA  2008).  Addi¬ 
tionally,  recent  research  suggests  that  air-cooled  icemakers  actually  are  more 
energy  efficient  when  embedded  energy  is  taken  into  consideration  (in  addi¬ 
tion  to  direct  energy)  (Koeller  and  Company  2008).  When  replacement  Is  not 
an  option  or  is  expensive,  it  is  sometimes  passible  to  retrofit  a  water-cooled 
icemaker  into  an  air-cooled  or  recirculating  water-cooled  machine. 

Traditional  boiler-based  steamers  cook  food  by  running  a  constant  stream  of 
steam  and  regularly  draining  the  resultant  water  out,  a  process  that  takes 
relatively  large  amounts  of  both  water  and  energy.  Replacing  traditional 
boiler-based  steamers  with  boilerless  steamers  or  steamers  that  qualify  for 
CEE  Tier  lb  can  result  in  significant  water  savings.  These  steamers  use  an  av¬ 
erage  of  2  gallons  per  hour  (gph),  22  to  32  gph  below  the  average  usage  of 
boiler-based  steamers. 

Dishwashing  is  one  of  the  most  water-intensive  activities  in  commercial 
kitchens.  One  way  to  save  water  on  dishwashing  is  to  reduce  the  number  of 
dishes  to  be  washed.  In  cafeteria  settings,  some  colleges  have  reported  success 
with  reducing  water  usage  by  eliminating  cafeteria  trays  (with  concurrent 
food  waste  reductions).' 

Training  workers  to  scrape  soiled  dishes  instead  of  pre-rinsing  them  before 
putting  them  in  the  dishwasher  will  help  commercial  kitchens  conserve  water. 
When  dishes  must  be  pre-rinsed,  water  savings  can  be  realized  through  the 
replacement  of  older  pre-rinse  spray  valves  with  newer  low-flow  ones  that  use 
no  more  than  1.25  gpm  at  60  psi.  FEMP  guidelines  restrict  the  usage  of  PRSVs 
with  a  tlow  greater  than  this  1.25  gpm  (low  and  WaterSense  is  in  the  process 
of  developing  specifications  for  these  valves.  New  PRSVs  cost  around  $50, 
making  replacement  cost-effective  over  the  short-term.  Likewise,  replacing 
older  dishwashers  with  new.  Energy  Star  models  -  a  water  conservation 
method  for  commercial  kitchens  -  is  often  cost-effective.  This  is  due  to  the 
combination  of  water  and  energy  savings  that  can  be  achieved  from  such  a  re¬ 
placement.  Using  dishwashers  only  with  full  loads  can  save  additional  water. 

Finally,  water  can  be  saved  in  the  process  of  disposing  of  leftover  food.  Simply 
eliminating  scraping  troughs,  which  use  water  to  move  waste  to  food  waste 
disposers,  will  result  in  water  savings.  Replacing  food  waste  disposers  with 
food  waste  strainers  or  eliminating  them  altogether  can  result  in  water  sav¬ 
ings  as  well.  Other  more  water  efficient  methods  of  food  disposal  are  readily 
available.  As  in  the  residential  sector,  there  are  pros  and  cons  to  eliminating 


•  Sec  for  e»ampe  Foderaro.  2009  and  Nwhouae.  2008. 
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food  waste  disposers;  however,  when  possible,  composting  is  always  consid¬ 
ered  an  environmentally  preferable  option. 

7. 2.3.3  Medical/laboraiory  facililies 
Some  efficiency  measures  for  medical/laboratory  facilities  are: 

•  Autoclaves/steam  sterilizers. 

o  Replacement  -  Replace  models  that  keep  water  flowing  constantly  with 
ones  that  shut  water  off  when  in  standby  mode, 
o  Retrofit  -  Retrofit  once-through  models  into  recirculating  ones, 
o  Behavioral  -  Use  the  smallest  model  available  for  the  load  being  steril¬ 
ized  and  operate  only  with  full  loads. 

•  X-ray  film  processing. 

o  Retrofit  -  Retrofit  film  processing  machines  to  flow  at  reduced  rates. 

Medical  facilities  contain  a  couple  items  for  which  simple  retrofit  or  replace¬ 
ment  is  the  most  important  type  of  conservation  measure:  the  process  of  ster¬ 
ilization  and  of  x-ray  film  development.  Film  processing  of  all  types  requires 
water  for  chemical  reactions,  washing,  and  rinsing  to  develop  film.  Often,  wa¬ 
ter  savings  can  be  achieved  by  retrofitting  these  units  to  flow  at  2  gpm  or  less. 
This  can  sometimes  be  achieved  through  adjusting  an  inlet  valve  already  in¬ 
stalled  on  the  unit,  installing  a  new  flow  meter  and  adjustable  valve,  and/or 
installing  pressure  reducing  devices  on  water  lines. 

Steam  sterilizers  and  autoclaves  are  used  for  sterilization  in  medical  and  labo¬ 
ratory  settings.  While  only  steam  sterilizers  use  water  as  the  medium  for  ster¬ 
ilization,  both  machines  use  water  for  other  parts  of  the  sterilization  process. 
Replacing  or  retrofitting  older  sterilizers  and  autoclaves  so  that  the  models  do 
not  keep  water  flowing  when  in  standby  mode  and  recirculate  rather  than 
dispose  of  cooling  water  will  help  facilities  conserve  water.  Additionally,  using 
the  smallest  passible  model  for  the  instruments  being  sterilized  and  sanitizing 
only  full  loads  can  save  even  more  water. 

7.2.3A  Industrial  Processes 

Some  efficiency  measures  for  industrial  processes  are: 

•  Optimize  the  process  to  use  the  minimum  amount  of  water  necessary. 

•  Reuse  water  within  the  same  process. 

•  Recycle  used  water  for  another  process  that  does  not  require  pristine  wa¬ 
ter. 
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With  the  exception  of  some  high-water  use  facilities  described  below,  most  of 
the  remaining  commercial/industrial/institutional  sector  water  uses  are 
unique  to  the  specific  industrial  processes  through  which  they  occur.  While 
this  section  will  not  attempt  a  full  description  of  the  many  water  efficiency 
measures  that  have  been  developed  for  very  specific  industrial  processes,  it 
gives  some  general  direction  for  water  conservation  in  industrial  processes. 

Industrial  processes  should  be  thoroughly  investigated  during  the  water  audit 
to  ensure  that  the  minimum  amount  of  water  is  being  used  at  each  stage  of 
the  process,  that  the  lowest  effective  flows  are  being  used  when  water  is  nec¬ 
essary,  and  that  water  is  not  being  used  for  any  process  for  which  there  is  a 
ready  and  cost-effective  substitute.  Furthermore,  water  should  be  reused 
within  a  single  process  whenever  possible.  For  instance,  water  is  often  used 
for  transport  in  industrial  processes;  often  a  closed  loop  system  through 
which  transport  water  cycles  again  and  again  can  result  in  water  savings  with¬ 
out  any  detriment  to  the  industrial  process.  Finally  water  can  be  recycled 
from  one  part  of  an  industrial  process  to  another.  Different  process  stages  will 
have  different  requirements  regarding  the  quality  of  the  water  used;  water  can 
be  used  for  parts  of  the  process  that  have  the  most  stringent  requirements 
first  and  then  cycled  through  processes  with  less  stringent  requirements.  This 
method  of  water  conservation,  whereby  water  is  used  repeatedly  in  a  succes¬ 
sion  of  stages,  each  having  less  stringent  water  quality  requirements  than  the 
last,  is  known  as  cascade  reuse  (Scholze  et  al.  2009). 

7.2.4  Landscaping 

Water  Efficiency  Measures  for  landscaping  center  mostly  on  the  plants  se¬ 
lected  for  a  landscape  area  and  the  irrigation  of  those  plants.  One  water  effi¬ 
ciency  measure  with  huge  potential  for  generating  water  savings  is  to  irrigate 
landscape  plants  with  non-potable  water  -  either  graywater  or  harvested 
rain/stormwater.  Irrigating  with  non-potable  water  Is  discussed  further  be¬ 
low.  Both  the  management  practices  discussed  in  this  section  and  those  dis¬ 
cussed  in  relation  to  non-potable  water  usage  can  help  installations  make  sig¬ 
nificant  strides  in  cutting  outdoor  usage,  which  accounts  for  as  much  as 
50  percent  of  water  use  in  some  places,  and  achieving  the  water  conservation 
goal  of  E.0. 13423. 

7.2.4.1  Plant  selection 

Some  efficiency  measures  for  plant  selection  are: 

•  Use  turfgrass  as  sparingly  as  possible. 

•  Xeriscape  or  engage  in  “water-wise"  planting  whenever  possible. 
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Plant  selection  for  a  water-efficient  landscape  sometimes  calls  for  a  departure 
from  traditional  turfgrass.  Although  it  is  widely  used,  turfgrass  takes  a  rela¬ 
tively  large  amount  of  water  to  grow  and  maintain  and  can  therefore  require 
levels  of  irrigation  that  are  simply  not  practical  in  some  drier  areas.  For  places 
that  expend  large  amounts  of  water  on  irrigation,  limiting  the  amount  of 
turfgrass  on  site  can  yield  significant  water  savings.*  While  there  are  some 
landscaped  areas  for  which  turf  grass  is  truly  central  to  the  purpose  of  the 
space  -  golf  courses,  parade  grounds,  etc.  -  turfgrass  used  purely  for  decora¬ 
tion  is  likely  an  inefficient  use  of  scarce  water  resources.  For  places  that  do 
need  significant  irrigation,  water  can  be  conserved  by  surveying  all  turfgrass 
areas  and  replacing  those  that  do  not  serve  a  practical  purpose  with  other 
types  of  plantings. 

Non-turf  areas  are  most  water  efficient  when  planted  with  species  that  thrive 
in  the  climate  conditions  that  naturally  occur  on  site.  There  are  a  number  of 
different  terms  for  this  planting  strategy,  hut  two  commonly  used  are  Xeris- 
caping  and  "water-wise”  planting.  Xeriscaped  or  water-wise  landscapes  com¬ 
bine  site-specific  design  with  water  efficient  maintenance  practices  to  create 
landscapes  that  need  little  to  no  irrigation.  The  key  to  this  strategy  is  selecting 
plants  that  will  thrive  in  the  conditions  they  experience  on  site,  both  on  a 
macro  (rainfall,  temperature,  etc.)  and  micro  (shade,  grading,  etc.)  level. 
Plants  should  be  grouped  together  in  zones  according  to  the  amount  of  water 
they  will  require.  Additionally,  soil  quality  should  he  improved  as  needed  and 
mulch  should  be  used  to  maximize  the  soils  ability  to  retain  water. 

7.2A.2  Irrigaiior 
Requirements  for  irrigation  are: 

•  WaterSense:  irrigation  contractors  should  be  WaterSense  certified  and 
weather-  and  sensor-based  irrigation  controllers  should  be  WaterSense 
labeled  (the  latter  is  in  development). 

Some  efficiency'  measures  for  irrigation  are: 

•  Manage  irrigation  systems  to  use  water  as  efficiently  as  possible: 
o  Water  only  in  the  early  morning  or  at  night. 

o  Water  different  irrigation  zones  on  different  days, 
o  Irrigate  with  the  minimum  amount  of  water  necessary, 
o  Reduce  irrigation  during  droughts, 
o  Incorporate  "cycling"  into  the  irrigation  schedule. 


•  In  welter  areas  that  do  not  deperd  on  irrigation  tor  turfgrass  maintenance,  there  6  no  (water  conservation) 
reason  to  reduce  turfgrass  covet. 


ERDC/CERl  TR-09-38 


154 


o  Tailor  irrigation  to  daily  and  seasonal  water  needs, 
o  Match  irrigation  system  components  to  the  irrigation  needs  on-site. 

•  Choose  irrigation  technologies  that  use  water  as  efficiently  as  passible: 
o  Use  drip  or  micro-spray  irrigation  for  non-turf  areas. 

o  Consider  choosing  irrigation  systems  that  use  current  and  historical 
weather  information  for  the  local  area  to  determine  watering. 

•  Use  non-misting  sprinkler  heads  with  adjustable  trajectories: 

o  Use  Wa  ter  Sense  - 1  abci  ed  irrigation  technologies/services  whenever 
possible. 

o  Use  VVdferSense-certified  landscape  irrigation  services, 
o  Once  specifications  have  been  fully  developed,  use  Water-Sense  la¬ 
beled  weather-  or  sensor-based  irrigation  controls. 

Unlike  installing  the  proper  plumbing  fixture  in  a  home  or  even  installing  the 
proper  water-wise  plant  in  a  landscape,  water-efficient  irrigation  requires  ac¬ 
tive  management  throughout  the  lifetime  of  the  landscape.  Incorporating  the 
following  management  practices  into  a  system  of  irrigation  will  help  achieve 
water-efficient  irrigation: 

•  Water  only  in  the  early  morning  or  at  night.  This  reduces  water  lost  to 
evaporation. 

•  Water  different  irrigation  zones  on  different  days.  Dividing  a  landscape 
area  into  zones  and  watering  different  zones  on  different  days  reduces 
peak  water  usage.  While  this  tactic  will  not  change  the  amount  of  water 
used,  it  will  reduce  the  maximum  amount  of  water  needed  on  any  given 
day. 

•  Irrigate  with  only  the  minimum  amount  of  water  necessary.  While  wa¬ 
tering  with  the  minimum  amount  of  water  necessary  may  seem  obvious, 
determining  that  minimum  is  not.  In  theory,  irrigated  water  should  re¬ 
plenish  the  amount  of  water  lost  through  evapotranspiration,  and  not 
made  up  by  rainfall,  by  that  particular  plant  (State  of  California  2008).' 
When  performing  the  full  calculation  for  water  needs  for  different  zones 
on  a  particular  site  is  not  feasible,  basing  the  amount  of  water  used  for  ir¬ 
rigation  on  local  evapotranspiration  rates  (normally  available  from  a  water 
station),  can  yield  marked  reductions  in  irrigation  water  usage  (Mayer,  et 
al.,  2009).' 


‘  For  more  information  on  catenating  landscape  water  needs,  see  the  Californsa  Irrigation  Management  Sys¬ 
tem  website  <http://ww*csm^water.ca.gcv/cimis/wek:ome.jsp>  and  University  of  California  Cooperative  Ex¬ 
tension.  2000). 

t  Studies  ha\e  actually  found  no  o*scernable  difference  between  water  at  eighty  percent  of  evapotranspira¬ 
tion  and  one  hundred  percent  of  eBapotranspiration  (Gibeault.  1985).  The  former  has  therefore  become 
best  practice  for  water  conservation. 
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•  Reduce  irrigation  during  droughts.  When  water  supplies  are  at  drought 
levels,  reducing  water  use  for  irrigation  to  conserve  water  for  more  critical 
purposes  can  be  important.  Irrigation  can  be  reduced  to  levels  that  keep 
plants  alive  while  not  allowing  them  to  enter  growth  stages  until  water 
supply  is  more  stable  (Scholze,  no  date).  Some  regions  of  the  United  States 
mandate  these  sorts  of  practices  during  droughts. 

•  Incorporate  " cycling "  into  the  irrigation  schedule.  In  irrigation,  "cycling” 
means  irrigating  a  zone  for  a  period  of  time  less  than  the  full  time  needed 
for  irrigation,  stopping,  and  then  stalling  again  in  a  short  while  (and  pos¬ 
sibly  repeating  this  process).  This  tactic  facilitates  effective  infiltration  by 
giving  soil  time  to  absorb  water  before  adding  more;  it  is  intended  for  soils 
in  which  water  infiltrates  more  slowly  than  sprinklers  irrigate. 

•  Tailor  irrigation  to  daily  and  seasonal  water  needs.  Water  needs  change 
on  a  seasonal  basis  (plants  need  more  water  in  July  than  in  September) 
and  also  on  a  daily  basis  (plants  need  more  water  on  diy  days  than  on 
rainy  days).  Altering  a  water  schedule  to  fit  these  changing  needs  achieves 
higher  levels  of  water  efficiency. 

•  Match  irrigation  system  components  to  the  irrigation  needs  on-site. 

Make  sure  that  liases  and  sprinkler  heads  are  the  right  sizes  and  in  the 
right  places  for  the  plants  they  are  supposed  to  water. 

In  addition  to  management  practices,  the  technology  used  in  a  particular  irri¬ 
gation  system  can  also  have  a  strong  impact  on  the  efficiency  of  outdoor  wa¬ 
ter-use.  For  non-turf  areas,  drip  and  micro-spray  irrigation  systems  are  usu¬ 
ally  far  more  water-efficient  than  traditional  surface  spray  irrigation.  Drip 
irrigation  systems  use  tubing,  often  buried,  to  deliver  water  directly  to  plant 
roots  at  veiy  low  pressures.  Micro-spray  systems  are  a  cross  between  drip  ir¬ 
rigation  and  traditional  surface  spray  irrigation.  Water  is  delivered  through 
tubing  to  miniature  spray  heads  that  irrigate  at  low  pressures.  Micro-spray 
systems  can  water  more  area  than  can  drip  irrigation  systems,  but  are  more 
subject  to  water  loss  through  evaporation.  Both  systems  will  generate  water 
savings  in  the  long  term  when  replacing  a  traditional  surface  spray  system. 

For  turf  areas,  choosing  the  proper  sprinkler  head  and  using  it  correctly  is  an 
important  part  of  maximizing  water  efficiency.  Misting  sprinkler  heads 
should  be  avoided  as  they  are  subject  to  heavy  water  losses  due  to  evapora¬ 
tion.  Furthermore,  the  trajectories  of  sprinkler  heads  should  be  adjustable. 
Adjusting  sprinkler  head  trajectories  to  match  the  landscaped  area  needing 
water  can  ensure  maximum  water  efficiency  from  surface-spray  irrigation  sys¬ 
tems. 
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Finally,  both  turf  and  non-turf  irrigation  systems  can  conserve  water  by  using 
technologies  that  irrigate  based  on  local  weather  conditions.  One  simple  ex¬ 
ample  of  this  technology  is  a  rain  sensor  that  shuts  off  an  irrigation  system 
when  it  detects  a  certain  amount  of  rain.  On  the  more  complicated  end  of  the 
spectrum,  some  irrigation  systems  allow  for  all  watering  to  be  controlled  by 
local  weather.  This  can  be  done  through  on-site  sensing  of  weather  condi¬ 
tions,  remote  communication  with  a  local  weather  station,  or  a  combination 
of  the  two.  These  weather-  or  sensor-based  irrigation  controllers,  known  as 
“smart"  controllers,  are  generally  more  effective  at  tailoring  water  to  site 
needs  than  other  automatic  irrigation  systems. 

The  WalerSense  program  is  currently  developing  specifications  for  weather- 
and  sensor-based  smart  controllers.  Once  developed,  WalerSense  smart  con¬ 
trollers  should  be  sourced  when  switching  to  this  technology.  The  WalerSense 
program  also  certifies  a  variety  of  irrigation  professionals.  These  irrigation 
professionals  can  be  relied  on  to  prioritize  water  efficiency  in  their  work  and 
should  be  used  when  contracting  out  irrigation  work. 

7.2.4. 3  Other  outdoor  water  uses 
Some  efficiency  measures  for  other  outdoor  water  uses  are: 

•  Avoid  water  features  if  at  all  possible.  When  necessary  use  ones  that  recir¬ 
culate  water  and  shut  them  off  when  not  in  use. 

•  Avoid  water  brooms  if  at  all  possible.  When  necessaiy  use  the  lowest  flows 
possible. 

•  Add  nozzles  to  hoses. 

Outside  of  plants  and  irrigation,  water  is  sometimes  used  outdoors  as  a  deco¬ 
ration  (a  water  feature)  or  for  cleaning.  Water  features  lose  water  to  evapora¬ 
tion,  maintenance,  and  leakage.  Thus,  decorating  with  features  that  do  not 
use  water  is  more  effective  from  a  water-efficiency  standpoint.  If  water  fea¬ 
tures  must  be  used,  ensuring  that  they  recirculate  water  (instead  of  releasing 
it  to  the  environment  or  a  drain  after  one  use)  and  shutting  them  off  when 
they  are  not  needed  will  generate  water  savings.  Similarly,  eliminating  the  use 
of  water  brooms  whenever  possible  will  generate  water  savings.  While  con¬ 
venient,  the  work  done  by  these  instruments  can  often  be  done  just  as  effec¬ 
tively  with  other  equipment  that  require  less  water.  In  cases  where  water  is 
needed  for  outdoor  cleaning  (or  other  uses),  water  brooms  or  other  nozzles 
set  to  the  lowest  flow  possible  use  less  water  than  uncovered  hoses. 
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7.2.5  High  water  use  facilities 

Facilities  that  are  especially  high  water-users  are  also  potentially  especially 
high  water-savers.  Small  inefficiencies  in  areas  where  water  use  is  high  often 
yield  high  levels  of  water  waste  simply  due  to  the  frequency  of  water-use. 
Therefore,  high  water-use  facilities  merit  close  scrutiny  to  ensure  water  is  be¬ 
ing  used  as  efficiently  as  possible  and  to  assure  compliance  with  E.0. 13423. 

7.2.5.1  Swimming  pools 

Some  efficiency  measures  for  swimming  pools  are: 

•  Refill  pools  as  infrequently  as  possible  given  health  and  safety  require¬ 
ments. 

•  Optimize  the  backwashing  schedule  so  that  backwashing  occurs  as  infre¬ 
quently  as  possible  without  compromising  health  or  equipment. 

•  Use  an  insulated  cover  whenever  pool  is  not  in  use. 

•  Lower  pool  temperature  when  not  in  use. 

•  Keep  water  level  at  one  inch  below  the  top  of  the  pool. 

Swimming  pools  lose  water  due  to  pool  cleaning,  evaporation,  and  splash  out. 
Choosing  a  cleaning  schedule  that  minimizes  water  use  while  maintaining 
chemical  levels  safe  enough  for  swimming  is  a  key  step  in  attaining  efficient 
pool  water  use.  Thus,  filter  backwashing  and  pool  refilling  should  be  mini¬ 
mized  as  much  as  possible  without  putting  health  or  safety  at  risk.  Water  from 
backwashing  can  also  be  reused  in  some  cases  (see  graywater  section  below). 
Evaporation  can  be  combated  by  covering  the  pool  with  an  insulated  cover 
when  not  in  use  (which  also  saves  energy'  by  combating  heat  loss).  Lowering 
the  temperature  in  swimming  pools,  especially  when  not  in  use,  can  also 
make  dents  in  water  loss  due  to  evaporation.  Finally,  lowering  the  water  level 
to  one  inch  below  the  top  of  the  pool  can  help  pools  avoid  water  loss  due  to 
splash  out. 

7. 2.5.2  Golf  courses 

Some  efficiency  measures  for  golf  courses  are: 

•  Design  the  course  to  include  the  minimum  amount  of  irrigated  land  possi¬ 
ble. 

•  Naturalize  the  maximum  amount  of  area  passible. 

•  Choose  turf  that  is  best  suited  to  local  soil,  climate,  and  pests. 

•  Follow  the  irrigation  management  practices  outlined  above. 

•  Where  appropriate,  design  ponds  for  stormwater  retention  and  reuse  dur¬ 
ing  peak  (and  possibly  other)  irrigation  instances. 
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The  primary  use  of  water  on  golf  courses  is  for  turf  irrigation.  Irrigation  needs 
for  golf  courses  vary  greatly  with  the  design  of  the  course,  irrigation,  and 
(when  appropriate)  stormwater  retention  and  drainage.  The  layout  of  the  golf 
course  itself  can  be  designed  specifically  to  minimize  irrigation  water  use. 
Layouts  that  include  narrower  fairways  and  use  native  plants  that  need  little 
to  no  water  in  roughs  can  greatly  help  reduce  the  amount  of  necessary  irriga¬ 
tion  on  a  given  course.  In  fact,  limiting  turf  grass  as  much  as  possible  by  natu¬ 
ralizing  or  other  means  is  a  very  simple  way  to  reduce  water  usage  on  a 
course.  Furthermore,  ensuring  that  where  turf  is  used,  it  is  the  best  match  for 
the  particular  soil  and  climate  (and  pests)  of  a  given  course  site  will  yield  even 
more  efficient  water  use  (Delaware  River  Basin  Commission,  2002). 

Choosing  the  proper  irrigation  system  and  managing  it  correctly  is  an  impor¬ 
tant  pail  of  efficient  water  usage  for  golf  courses.  The  landscape  irrigation 
principles  outlined  above  apply  as  easily  to  golf  courses  as  to  more  general 
landscape  and  should  be  assiduously  applied.  Additionally,  golf  courses  can 
often  conserve  even  more  water  by  using  non-potable  water  for  irrigation.  In 
places  that  experience  significant  amounts  of  rain,  stormwater  management 
systems  can  be  designed  to  funnel  water  into  on-course  ponds;  this  water  can 
then  be  used  during  times  of  peak  irrigation  (or  more  regularly  if  water  is 
available)  to  reduce  pressure  on  the  water  supply  (Connecticut  Department  of 
Environmental  Protection,  2006). 

7. 2. 5. 3  Commercial  laundry 

Some  efficiency  measures  for  commercial  laundries  are: 

•  Follow  the  clothes  washer  water  efficiency  measures  detailed  above  for 
domestic  or  coin-operated  washers. 

•  Install  a  water  reclamation  system  for  conventional  washer-extractors. 

•  Install  a  tunnel  (continuous  batch)  washer. 

•  Install  an  ozone  laundry  system. 

Commercial  laundries  that  operate  machines  roughly  on  the  same  scale  as 
residential  machines  can  optimize  water  efficiency  by  following  the  technical 
and  behavioral  efficiency  measures  detailed  above.  Laundries  that  wash  sig¬ 
nificantly  larger  amounts  of  fabric  in  bigger  machines  have  the  potential  to 
conserve  water  in  different  ways.  Traditional  washer-extractors  (which  oper¬ 
ate  similarly  to  residential  clothes  washers  and  are  the  norm  in  commercial 
laundry  facilities)  can  conserve  water  by  installing  a  water  reclamation  system 
that  recycles  wash  and  rinse  water  for  additional  uses.  Some  newer  washer- 
extractors  come  with  water  reclamation  systems. 
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Another  potential  water  efficiency  measure  for  commercial  laundries  is  to  in¬ 
stall  a  tunnel  (or  continuous  batch)  washer.  These  washers  cycle  soiled 
clothes  in  one  direction  through  a  series  of  washing  chambers  while  water  is 
cycled  through  in  the  other  direction.  Through  this  water  reuse,  tunnel  wash¬ 
ers  are  able  to  achieve  considerable  water  savings.  These  washers  are  limited 
by  their  relatively  high  initial  cast  and  inability  to  use  more  than  one  wash 
formula  per  batch.  Nonetheless,  these  washers  can  be  both  cost-effective  and 
water  efficient  for  facilities  that  wash  high  amounts  of  similar  fabrics  (such  as 
linens)  (Water  Energy  Laundry  Consulting,  2009). 

Finally,  ozone  laundry  systems  can  generate  considerable  water  (and  energy) 
savings  when  replacing  more  conventional  laundry  systems.  Ozone  laundry 
systems  work  through  the  oxidation  of  ozone  to  both  clean  and  soften  clothes 
in  smaller  amounts  of  cooler  water  and  with  lower  amounts  of  chemicals  than 
do  traditional  laundry  systems.  These  systems  differ  significantly  from  tradi¬ 
tional  washers  (for  instance,  because  of  its  instability,  ozone  must  be  made  on 
site).  However,  given  the  right  situation  and  the  proper  information  and  care, 
ozone  laundry  systems  are  cost-effective  over  relatively  short  time  periods 
(Riesenberger,  2005). 

7.2.5A  Car/vehicle  wash 

Some  efficiency  measures  for  car/vehicle  wash  facilities  are: 

•  Reclaim  and  reuse  as  much  wash  and  rinse  water  as  possible. 

•  Optimize  the  number,  position,  and  flow  rate  of  all  spray  nozzles. 

•  Consider  dry-washing  vehicles. 

The  car  wash  industry  has  invested  both  time  and  money  into  developing  wa¬ 
ter  efficiency  measures  for  individual  car  washes.  As  a  result  automatic  car 
washes  are  often  more  water-efficient  than  hand  washing.  A  number  of  sys¬ 
tems  have  been  developed  to  reclaim  and  filter  water  from  all  types  of  auto¬ 
matic  car  and  vehicle  washes  for  reuse.  In  fact,  some  vehicle  washes  can  even 
reuse  graywater  from  other  uses  for  washing.  These  water  reclamation  sys¬ 
tems  can  help  vehicle  washes  to  achieve  relatively  high  levels  of  water  savings. 
Additionally,  optimizing  the  system  of  spray  nozzles  that  apply  water  during 
vehicle  washes  by  adjusting  their  number,  pasition,  and  flow  facilitates  fur¬ 
ther  water  efficiency  for  car  and  vehicle  washing.  Finally,  the  potential  of  us¬ 
ing  a  dry-vehicle  washing  product  should  be  investigated,  especially  in  water¬ 
scarce  areas. 
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7.2.6  Alternate  water  sources 

Thus  far,  most  water  efficiency  measures  discussed  have  focused  on  using  less 
water  to  meet  human  and  landscape  needs.  However,  another  strategy  for 
achieving  efficient  water  use  and  E.0. 13423  compliance  is  to  tap  into  alter¬ 
nate  water  sources,  especially  for  uses  that  do  not  require  potable  water. 

There  are  many  water-uses  that  do  not  require  drinking-quality  water.  Land¬ 
scape  irrigation,  for  instance,  is  a  very  popular  choice  for  non-potable  water 
application  as  water  quality  for  landscape  irrigation  can  be  lower  than  for 
many  other  uses.  While  these  uses  are  typically  consumptive  and  should  be 
done  only  at  maximum  efficiency',  using  water  from  alternate  sources  for  the 
minimum  amounts  of  water  still  needed  reduces  pressure  on  water  supply 
and  wastewater  systems  and  frees  up  potable  water  for  other  uses.  These 
sources  include  graywater,  treated  wastewater,  and  rainwater. 

While  irrigation  and  toilet-flushing  are  two  of  the  most  common  re-uses  of 
water,  a  variety  of  other  possibilities  exist  for  the  use  of  alternate  sources. 
These  sources  have  the  potential  to  be  used  for  groundwater/aquifer  recharge, 
heating/cooling  (cooling  towers,  water-cooled  equipment,  and  boilers),  vehi¬ 
cle  washing,  and  some  industrial  processes.  Careful  attention  must  be  paid  to 
the  water  quality  necessitated  for  processes  using  alternate  water  sources; 
and,  in  some  cases,  some  amount  of  treatment  may  need  to  be  applied  before 
use  to  protect  human  health,  equipment,  or  both.  As  with  the  reuse  of  water 
in  industrial  facilities,  cascade  reuse  should  be  employed  so  that  the  water  us¬ 
ers  with  the  most  stringent  water  quality'  needs  use  water  first  and  those  with 
the  least  stringent  water  quality  needs  use  water  last  (Scholze,  et  al.,  2009). 
Local  regulations  often  limit  the  types  of  water  re-use  allowed  and  should  be 
checked  before  any  serious  investigation  into  alternate  sources.  Other  regula¬ 
tions  on  the  usage  of  alternate  sources  include  EFA  regulations  on  drinking 
water  and  backflow  prevention  and  IAPMO's  codes  regarding  non-potable 
water  reuse  systems  (Hoffman,  2008).’ 

Water-efficiency  measures  for  non-potable  water  sources  are: 

•  Install  a  graywater  system  to  capture  and  possibly  treat  washwater  for  re¬ 
use. 

•  Reuse  treated  wastewater  effluent  for  irrigation  or  other  appropriate  uses. 

•  Gather  rainwater,  stormwater,  and  air-conditioning  condensate  for  use. 


•  The  International  Association  of  Plumbing  and  Mechanical  Officials.  Chapter  sixteen  of  IAPM0  uniform 
plumbing  code  e  0e»oted  to  non-potable  water  reuse  systems. 
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7.2.6. 1  Graywater 

The  general  definition  for  graywater  is  used  washwater  -  the  byproduct  of 
mast  indoor  water  uses  including  showers,  clothes  washers,  and  most  sinks, 
but  excluding  toilets,  and  sometimes  kitchen  sinks  and  dishwashers  (which 
produce  wastewater  containing  food  particles).  Graywater  needs  some 
amount  of  treatment  before  reuse  except  when  being  used  for  subsurface  irri¬ 
gation;  even  then,  however,  it  needs  to  be  used  relatively  quickly  (if  not 
treated)  otherwise  it  will  become  septic  (Hoffman,  2008). 

Systems  for  graywater  reuse  generally  have  to  be  tailored  to  the  facility  from 
which  the  water  will  be  collected.  For  new  construction,  washwater  can  sim¬ 
ply  be  collected  separately  from  other  water,  whereas  in  existing  construction, 
graywater  is  typically  run  through  the  same  pipes  and  sewerage  as  other  waste 
water,  so  a  separate  collection  system  would  generally  have  to  be  retrofitted  to 
the  facility.'  Nonetheless  a  variety  of  graywater  systems,  with  and  without  wa¬ 
ter  treatment,  are  available  for  both  new  and  existing  buildings.  The  amount 
of  graywater  generated  in  a  building  will  decrease  as  other  water  usage  be¬ 
comes  more  efficient.  Even  so,  a  significant  portion  of  waste  water  on  site  is 
typically  gray  water  (Madungwe  and  Sakuringwa,  2007).  Thus,  especially  for 
larger  sites  (such  as  Army  installations),  graywater  has  the  potential  to  play 
an  important  role  in  water  use  efficiency. 

7. 2.6.2  Treated  wastewater 

The  effluent  from  water  treatment  plants  is  another  type  of  non-potable  water 
that  has  some  use  left  in  it.  The  effluent  released  by  sewage  treatment  plants 
into  the  environment  is  normally  treated  to  a  relatively  high  quality  -  local 
state  and  Federal  environmental  regulations  ensure  this. :  Such  water  can 
then  be  put  to  a  variety7  of  non-potable  uses  (directly  or  sometimes  with  addi¬ 
tional  treatment),  though  many  U.S.  communities  limit  the  use  of  treated  ef¬ 
fluent  to  landscape  irrigation  (EPA,  2004).  Some  communities  facilitate  the 
use  of  treated  wastewater  by  installing  purple  pipes  to  redistribute  effluent  for 
landscape  or  other  uses.  Both  graywater  and  treated  wastewater  have  the  ad¬ 
vantage  of  not  drying  up  during  droughts,  although  as  water  fixtures  them¬ 
selves  become  more  efficient,  the  amount  of  wastewater  available  for  reuse, 
like  graywatei,  will  diminish. 


*  In  accordance  with  local  regulations  and  code  requirements. 

'  D  Paso  boasts  Wat  its  treated  wastewater  meets  drinking  water  standards. 

1  Cooling  tower  blowdown  is  another  potential  source  ol  reusable  water.  Ihou^i  not  recessarily  consdeted 
gray  water,  blowdown  can  sometimes  be  reclaimed  for  use  without  the  fun  menu  of  treatments  provided  by 
a  wastewater  treatment  plant  (Hoffman.  20081. 
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7. 2.6.3  Atmospheric  water 

Naturally  occurring  water  in  the  form  of  rainwater,  stormwater,  and  conden¬ 
sate  from  water  vapor  are  all  also  available  for  non-potable  use.  Rainwater  is 
typically  collected  from  roof  runoff  into  gutters  and  stored  in  rain  barrels,  cis¬ 
terns,  or  tanks.  A  number  of  rainwater  collection  systems  are  commercially 
available,  and  there  is  plenty  of  information  on  how  to  design  a  rainwater 
harvesting  system  for  a  facility.' 

While  relatively  clean  on  falling,  rainwater  can  pick  up  roof  debris  and  or¬ 
ganic  material  en  route  that  should  be  filtered  before  entering  storage.  Bacte¬ 
ria  levels  in  untreated  rainwater  should  be  tested  routinely,  and  if  too  high, 
the  water  should  be  tested  before  being  put  to  (even  non-potable)  use.  If  or¬ 
ganic  material  and  bacteria  do  enter  the  storage  area,  rainwater  has  the  po¬ 
tential  to  become  unusable  (although  on  a  slower  time  scale  than  does  gray- 
water).  Additional  treatment  of  rainwater,  using  ultraviolet  (UV)  radiation  or 
ozone  for  example,  can  actually  achieve  levels  of  water  quality  high  enough  to 
be  potable  (TCEQ  2007). 

Stormwater  is  differentiated  from  rainwater  because  it  is  collected  out  of 
storm  drains  or  other  areas  set  aside  to  collect  stormwater  as  opposed  to  di¬ 
rectly  from  the  roofs  on  which  the  water  falls.  This  results  in  important  differ¬ 
ences  with  regard  to  the  amount  and  types  of  pollutants  and  debris  stormwa¬ 
ter  is  likely  to  pick  up.  Stormwater  tends  to  gather  more  debris  and  is  exposed 
to  different  and  more  pollutants  than  is  rainwater  (such  as  oil  from  roadways, 
pesticides,  trash,  etc)  (Hoffman,  2008).  Due  to  these  potential  pollutants, 
stormwater  is  more  likely  to  need  treatment  before  use  than  is  rainwater. 
Stormwater  can  be  relatively  easy  to  collect,  treat,  and  distribute  in  places 
with  separate  sewer  systems;  however,  in  places  with  combined  sewer  sys¬ 
tems,  the  potential  of  wastewater  contamination  makes  this  process  more  dif¬ 
ficult. 

Condensate  from  water  vapor  Is  regularly  collected  in  air-conditioning  and 
refrigeration  units  that  operate  in  warm,  moist  places.  This  water  has  the  ad¬ 
vantage  of  being  reliably  available  in  humid  places  over  the  hottest  months 
when  landscape  irrigation  and/or  cooling  tower  make-up  water  is  most 
needed  and  generally  clean  enough  to  be  put  to  either  of  these  uses  without 
treatment.  In  larger  commercial  and  industrial  buildings,  the  amount  of  con¬ 
densate  produced  can  be  in  the  thousands  of  gallons.  Retrofits  for  the  collec¬ 
tion  of  condensate  water  are  normally  relatively  simple  as  most  air- 


*  For  mure  information,  see  Texas  \*anual  on  RabwYZiet  Harvesting,  mailable  at 
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conditioning  systems  collect  and/or  discharge  condensate  at  a  single  location. 
While  condensate  reuse  and  recover)'  systems  do  not  generate  a  great  deal  of 
water  in  dry  locations,  such  systems  can  save  considerable  amounts  of  potable 
water  in  humid  areas  (Hoffman,  2008  and  Wilson,  2008). 
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8  Conclusions 

8.1  Summary 

This  study  evaluated  issues  of  water  availability  as  they  affect  the  U.S.  Army. 
The  national  watershed  screening  used  a  set  of  24  sustainability  indicators  to 
screen  HUC8  watersheds  for  vulnerability  to  water  supply,  water  demand, 
and  watershed  health.  The  results  are  a  series  of  color-coded  maps  depicting 
at-risk  watersheds  and  an  ordered  list  of  Army  installations  located  in  those 
watersheds.  The  regional  water  budgets  created  a  "checkbook"  of  water  sup¬ 
ply  and  demand  in  regions  containing  installations.  This  study  developed  the 
water  budget  method  and  applied  it  to  the  Fort  Bragg  and  Fort  Bliss  water  re¬ 
gions.  One  component  of  the  method  is  the  Installation  Water  Demand 
Model.  This  tool  calculates  water  required  by  the  installation  based  on  effec¬ 
tive  population,  building  stock,  and  projected  changes  of  both  over  time.  Re¬ 
gional  supply  and  regional  and  installation  demand  is  projected  out  to  2040. 

Water  availability  is  an  increasing  domestic  and  international  problem;  it  may 
even  be  more  important  than  energy  since  it  is  one  of  only  two  Earth  re¬ 
sources  that  are  absolutely  essential  to  human  existence— fresh  water  and  soil 
(Youngquist  1997).  From  this  reality  comes  the  imperative  to  use  water  re¬ 
sources  effectively  and  efficiently  and  to  consider  water  issues  in  long-term 
sustainability  planning. 

Army  installations  are  vulnerable  to  the  same  issues  of  water  supply  and  de¬ 
mand  that  jeopardize  the  national  and  indeed  the  global  water  supply.  Provid¬ 
ing  the  required  amount  of  clean  fresh  water  in  the  location  where  it  is  needed 
is  increasingly  difficult.  The  complexity  of  water  compacts,  treaties,  and 
agreements  is  another  challenge  for  Army  installations.  In  the  coming  years 
the  impacts  of  water  scarcity  will  be  more  severe  and  this  will  be  reflected  in 
increasing  casts.  Increased  privatization  of  water  systems,  motivated  in  part 
by  the  profit  motive,  will  be  another  stimulus  for  increases  in  water  cost. 

The  conditions  that  exacerbate  water  availability  are  the  aging  condition  of 
water  infrastructure,  generalized  population  growth  especially  in  regions  con¬ 
taining  key  Army  installations,  increased  demand  for  power  generation 
plants,  and  uncertain  but  generally  agreed  upon  regional  impacts  of  global 
climate  change. 

Another  complicating  factor  is  that  water  is  a  resource  that  recognizes  no 
boundaries— installation,  municipal,  county,  region,  state,  and  national— 
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other  than  its  own,  that  of  watershed  or  sub-surface  aquifer.  Man  intervenes 
in  the  natural  hydraulic  systems  through  inter-basin  transfers,  the  movement 
of  "virtual  water”  from  one  water  region  to  another  in  products,  and  the  in¬ 
crease  in  water  bottling  plants.  Planning  for  water  sustainability  is  a  regional 
issue  requiring  cooperation  among  a  host  of  players  whose  decisions  affect 
long-term  scarcity. 

At  Fort  Bragg,  regional  water  scarcity  will  not  be  an  issue  through  2040.  In 
the  past,  reliance  on  the  Little  River  has  proved  unsustainable  in  times  of  lo¬ 
cal  drought.  New  water  supply  contracts  with  Fayetteville  Public  Works 
Commission  and  Harnett  County  Department  of  Public  Utilities  should  pro¬ 
vide  the  required  water  without  interruption.  It  is  important  for  Fort  Bragg  to 
maintain  their  water  conservation  ethic  to  best  prepare  for  the  extreme 
drought-flood  cycles  anticipated  due  to  the  effects  of  global  climate  change. 
Adopting  a  program  of  total  water  management  will  decrease  the  amount  of 
fresh  water  required,  increase  water  system  security,  and  provide  beneficial 
synergies  between  fresh,  storm,  and  sanitary  water  systems. 

The  climate  change  scenarios  for  the  Fort  Bliss  region  are  not  as  positive.  Al¬ 
ready  subject  to  an  arid  regime,  the  Bliss  region  is  anticipated  to  receive  even 
less  precipitation  under  global  climate  change.  While  scientific  estimates  of 
aquifer  longevity  differ,  the  aquifers  are  declining  and  represent  a  limited 
non-renewable  supply  of  water.  Existing  El  Paso  Water  Utility'  (EPWU)  wells 
in  the  Hueco  Bolson  (Fort  Bliss’  source  for  self-supplied  water)  have  been 
capped  due  to  salinity  and,  the  effect  of  pumping  from  new  wells  is  unknown 
due  to  the  complex  subterranean  structure  of  the  aquifer.  Fort  Bliss’  back-up 
water  sources  (through  EPWU)  are  the  Mesilla  Bolson,  which  is  also  declin¬ 
ing,  and  the  Rio  Grande  River,  which  presently  ends  in  a  dry  stream  bed  in 
Mexico.  Fort  Bliss  is  encouraged  to  establish  an  aggressive  water  conservation 
program  to  reduce  the  demand  on  existing  wells  and  the  back-up  supply.  A 
program  of  total  water  management  could  include  a  “purple  pipeline”  on  post, 
as  EPWU  has  done  in  El  Paso  proper,  to  utilize  processed  sewage  for  select 
installation  water  uses. 

8.2  Issues  Affecting  Water  Availability  on  Army  Installations 

Staffing  water  conservation  positions  is  a  key  requirement  for  having  an  effec¬ 
tive  water  conservation  program.  Installation  staffing  is  often  based  on  a 
benefit/cost  relationship  or  regulatory  requirements.  Also,  the  pricing  of  wa¬ 
ter  currently  does  not  reflect  its  importance  and/or  potential  scarcity,  nor  the 
anticipated  changes  in  the  supply/demand  relationship  due  to  the  factors  de¬ 
scribed  in  this  report.  Therefore,  dedicated  water  staff  may  be  perceived  as  a 
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nice-to-have  rather  than  a  critical  need  to  attain  water  sustainability.  This 
lack  of  dedicated  staff  affects  the  ability  to  effectively  plan  for  the  water  fu¬ 
ture,  since  it  requires  centralized  collection  of  data,  as  well  as  information  re¬ 
lated  to  water  usage,  infrastructure  assessment,  planned  facilities  upgrades 
and  new  construction,  regional  factors  that  affect  water,  and  the  array  of 
BMPs  available  to  work  toward  sustainable  use. 

Understanding  current  usage  patterns  is  a  key  to  developing  a  water  man¬ 
agement  program.  Army  installations  do  not  currently  have  individual  build¬ 
ing  meters  for  water  supply,  but  rather  one  meter  at  the  gate  and  perhaps  a 
few  individual  meters  that  are  used  to  monitor  reimbursable  utility  customers 
(e.g.,  Non-Appropriated  Fund  (NAF)  activities  or  Army  Family  Housing 
(AFH)).  Lack  of  metering  makes  it  difficult  to  establish  accountability  for  wa¬ 
ter  use.  It  is  also  difficult  to  isolate  a  leak  or  break  in  water  piping.  System 
condition  is  an  unknown  factor,  though  it  is  thought  that  infrastructure  on- 
post  is  in  the  same  condition  as  that  off-post,  especially  if  the  age  of  the  pipes 
is  the  same.  The  out-sourcing  of  installation  utility  operations  and  mainte¬ 
nance  can  also  be  a  factor  affecting  system  condition. 

Simply  meeting  the  requirements  of  E.0. 13423  will  not  prepare  Army  instal¬ 
lations  for  regional  water  scarcity,  nor  will  compliance  with  Leadership  in  En¬ 
ergy  and  Environmental  Design  (LEED),  which  is  required  only  for  MILCON 
new  construction.  Safeguarding  water  availability  can  best  be  accomplished 
by  taking  a  systems  approach  to  water  management  by  instituting  a  program 
of  total  water  management  (TWM).  TWM  should  include  a  hierarchy  of  water 
use  and  decentralized  treatment  coupled  to  multiple  distribution  systems,  as 
well  as  a  cascade  of  reuse.  TWM  saves  water  and  chemicals,  is  more  respon¬ 
sive  to  customers,  and  is  resilient  to  natural  disasters.  Embracing  TWM  will 
require  taking  a  holistic  view  of  the  array  of  laws,  regulations,  design  guide¬ 
lines,  and  SOPs  that  affect  drinking,  storm,  and  sanitary  water  systems  on  in¬ 
stallations.  While  instituting  TWM  will  be  easiest  when  constructing  new  fa¬ 
cilities  from  the  ground  up,  working  toward  sustainable  water  use  requires 
applying  TWM  principles  to  the  over  900  MSF  of  existing  facilities. 

Conditions  are  ripe  in  the  United  States  for  a  rethinking  of  traditional  water 
rights.  “Who  owns  the  water"  is  a  question  that  is  voiced  more  and  more  by 
states,  cities,  tribes,  and  individuals.  The  answer  is  critical  for  residents  in 
California  and  the  southeast  United  States,  the  latest  domestic  victims  of  wa¬ 
ter  scarcity.  Laws,  customs,  and  traditions  ("using  20th  century  rules  to  solve 
21'1  century  water  problems,  ”  according  to  Peter  Gleick')  form  the  agree- 


•  In  »'Mv.cifCleo(t^e.wg'«rtiiefi>ewv’2009/*orM/peii?f  gleick-whos^>«ite'  isii  wa!ei-fi(9itsin  the-ageof- 
scarcity/  #inoie-5004 
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ments  that  are  the  basis  for  water  allocation  law,  however,  the  notion  of  water 
being  part  of  the  commons  is  being  given  increased  consideration.  The  Army 
will  need  to  be  an  active  participant  in  development  of  new  water  use  doc¬ 
trines. 

8.3  Recommendations 

Water  availability  is  a  critical  Issue  for  sustaining  military  readiness.  The  im¬ 
pacts  of  water  scarcity’  are  regional  in  nature  and  mitigation  efforts  should  be 
focused  on  installations  where  sustainability  issues  are  projected  to  be  most 
vulnerable.  The  following  recommendations  are  made  to  increase  water  effi¬ 
ciency  and  to  prepare  Army  installations  for  an  era  of  water  scarcity*. 

8.3.1  Emphasize  Water  Manager  Staffing  and  Centralize  Data  Collection 

An  increased  emphasis  should  be  placed  on  maintaining  a  dedicated  individ¬ 
ual  to  manage  the  water  conservation  program  on  installations.  This  position 
should  be  given  the  emphasis  that  the  Installation  Emironmental  Manager 
position  was  given  during  the  height  of  Superfund  projects  and  that  energy 
managers  received  during  the  1990s  after  signing  of  the  first  Energy-  Policy 
Act.  Wherever  possible,  continuity  should  be  maintained  through  either  per¬ 
sonnel  or  a  centralized  system  of  managing  information  that  supports  an  in¬ 
stallation’s  water  conservation  program. 

8.3.2  Include  Water  Efficiency  Measures  In  all  Projects 

Water  efficiency  measures  should  be  included  in  all  O&M,  minor  construc¬ 
tion,  and  MIL£ON  projects.  Rather  than  planning  for  dedicated  “water  con¬ 
servation  projects, "  every  project  should  consider  the  possibility  of  including 
conservation  measures  as  well  as  the  project's  impact  on  installation  water 
use.  Activities  such  as  the  recent  energy-  Tiger  Team  at  Fort  Bliss,  that  exam¬ 
ined  MILCON  construction  projects  for  energy  efficiency,  should  also  include 
water  efficiency  measures.  Other  actions  that  should  be  taken  include  stock¬ 
ing  only  WaterSense  products  in  the  supply  system. 

8.3.3  Adopt  a  Program  of  Total  Water  Management  (TWM) 

The  Army  should  adopt  a  program  of  TWM  on  installations.  The  drinking  wa¬ 
ter,  storm  water,  and  sanitary  programs  are  currently  managed  separately. 
Taking  a  systems  approach  to  these  will  optimize  efficiencies  and  costs.  Ele¬ 
ments  of  TWM  are  more  easily  incorporated  in  new  construction  but  should 
be  considered  for  renovation  projects  and  even  in  instances  where  no  projects 
are  planned. 
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8.3.4  Continue  to  Emphasize  Metcrlng/lnfrastructurc  Upgrades 

The  Army  should  continue  to  seek  alternate  means  of  funding  installation  of 
building-level  water  meters  prior  to  the  EISA  deadline  of  30  September  2016 
(for  example  OMA.  ARRA.  etc.).  Where  meters  are  already  installed  or  sched¬ 
uled  for  installation  prior  to  20x6,  installations  should  be  encouraged  to 
monitor  water  usage  both  to  establish  baselines  for  estimating  future  water 
demand  and  for  identifying  any  system  leaks. 

8.3.5  Conduct  a  Comprehensive  Review  of  Installation  Water 
Rates/Contracts 

The  Army  should  examine  current  installation  water  rate  structures  and 
trends.  Knowing  the  true  cost  of  water  will  raise  the  visibility  of  water  conser¬ 
vation  and  help  to  prioritize  execution  of  water  efficiency  projects.  Army  fa¬ 
cilities  within  the  United  States  currently  enjoy  relatively  low  water  rates 
however,  this  is  likely  to  change.  The  use  of  block  rate  structures  and  decoup¬ 
ling  rates,  along  with  supply  exceeding  demand,  are  conditions  that  point  to 
increasing  casts  for  water.  USAGE  developed  a  prototype  Army  Commercial 
Utilities  Program  Oversight/Management  (ACUPOM)  Web  application  de¬ 
signed  to  help  administer  utilities  contracts,  manage  utility  rate  cases,  and 
oversee  the  Commercial  Utilities  Program.  The  Army  should  expedite  fielding 
of  this  system  to  provide  full  information  about  water  rates  and  contracts. 

8.3.6  Engage  the  Local  Community  In  Planning  for  Sustainable  Water 

The  Army  should  be  an  active  participant  in  regional  negotiations  over  water 
rights.  Water  rights  exist  on  the  state  level  and  need  to  be  debated  on  that 
level.  The  State  Military  Affairs  Committees  are  an  important  voice  in  state 
government.  This  is  the  avenue  that  Army  installations  should  take  when  ad¬ 
dressing  issues  of  present  or  future  water  rights.  Though  Army  installations 
retain  rights  to  any  required  water  through  the  Federal  reserved  water  rights 
doctrine,  it  is  important  to  engage  regional  partners  when  issues  regarding 
best  use  of  this  critical  resource  are  raised. 

Judge  Paul  Magnuson  perhaps  stated  this  best  in  his  finding  regarding  the 
city  of  Atlanta’s  use  of  the  water  of  the  Apalachicola-Chattahoochee- Flint 
(ACF)  system: 

Too  often,  slate,  local,  and  even  national  goi<ernment  actors  do  not  consider 
the  long-term  consequences  of  their  decisions.  Local  governments  allow  un¬ 
checked  growth  because  it  increases  lax  revenue,  but  these  samegoiern- 
ments  do  not  sufficiently  plan  for  the  resources  such  unchecked  growth  will 
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require .  Nor  do  individual  citizens  consider  frequently  enough  their  con¬ 
sumption  of  our  scatce  resources,  absent  a  crisis  situation  such  as  that  ex- 
perienced  in  theACF  basin  in  the  last  few  years.  The  problems  faced  in  the 
ACF  basin  will  continue  to  be  repeated  throughout  this  country,  as  the 
population  grows  and  more  undeveloped  land  is  developed.  Only  by  coop¬ 
erating.  planning,  and  conserving  can  we  amid  the  situations  that  gave 
rise  to  this  litigation .* 


*  Unrted  Stales  District  Court  Middle  District  of  Florida.  Case  No.  3:07  md  01  (PAM/JRKi.  In  re  Tri-State  Water 
Rights  Litigation.  Memorandum  and  Order.  Filed  07/17/2009 
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Acronyms  and  Abbreviations 

Term 

Spcllout 

AADT 

Annual  Average  Daily  Traffic  per  Lane 

AAP 

Army  Ammunition  Plant 

ACP 

Army  Campaign  Plan 

ACSIM 

Assistant  Chief  of  Staff  for  Installation  Management 

ACUPOM 

Army  Commercial  Utilities  Program  Oversight/’ Management 

AEC 

Army  Environmental  Command 

AEPI 

Army  Environmental  Policy  Institute 

AEWRS 

Army  Energy  and  Water  Reporting  System 

AFCEE 

Air  Force  Center  for  Engineering  and  the  Environment 

AMF 

Army  Modular  Force 

APA 

American  Planning  Association 

AR 

Army  Regulation 

ARIMA 

Auto-Regressive  Integrated  Moving  Average 

ARNG 

Army  National  Guard 

ARRA 

American  Recovery  and  Reinvestment  Act 

ASAIE 

Assistant  Secretary  of  the  Army  for  Installations  &  Environment 

ASME 

American  Society  of  Mechanical  Engineers 

AW'RA 

American  Water  Resources  Association 

AWWA 

Amencan  Water  Works  Association 

AWWA-RF 

Amencan  Water  Works  Association  Research  Foundation 

BG 

Brigadier  General 

BRAC 

Base  Realignment  and  Closure 

CEE 

Consortium  for  Energy  Efficiency 

CEERD 

U.S.  Army  Corps  of  Engineers.  Engineer  Research  and  Development  Center 

CERL 

Construction  Engineering  Research  Laboratory 

CIA 

Central  Intelligence  Agency 

Cll 

commercial,  industrial,  and  institutional 

CIMIS 

California  Irngation  Management  Information  System 

CO 

carbon  monoxide 

COEECB 

Corps  of  Engineers  Engineer  and  Construction  Bulletin 

CRREL 

Cold  Regions  Research  and  Engineering  Laboratory 

CY 

calendar  year 

OOD 

U.S.  Department  of  Defense 

DOE 

U.S.  Department  of  Energy 

DPU 

Department  of  Public  Utilities 

D2 

drop  zone 

EERE 

(U.S.  DOE)  Energy  Efficiency  and  Renewable  Energy 

EISA 

U.S.  Energy  Independence  and  Security  Act  of  2007 

EO 

Executive  Order 

ERDC/CERl  TR-09-38 


182 


Term 

EPCW1D 

EPFD 

EPWU 

ERDC 

ERG 

ESA 

ESRI 

ET 

FEMA 

FEMP 

FHWA 

FORSCOM 

FWTVWPG 

FY 

GCM 

GDPR 

GlS 

GOES 

GSA 

HQ 

HUC 

IBWC 

IFRCRCS 

IMCOM 

IWI 

IWR 

JAWRA 

JDF 

JFTB 

LEEO 

LTA 

MGD 

MIT 

MSA 

NAAQS 

NAVFAC 

NAWQA 

NCDC 

NCDPPEA 

NCDWR 

NEMIS 

NEPA 

NLCD 


Spellout 

0  Paso  County  Water  Improvement  Distnct 
0  Paso  Field  Division 
0  Paso  Water  Utilities 

Engineer  Research  and  Development  Center 
Eastern  Research  Group 
U.S.  Endangered  Species  Act 
Environmental  Systems  Research  Institute,  Inc. 
evapotranspiration 

Federal  Emergency  Management  Agency 
Federal  Energy  Management  Program 
Federal  Highway  Administration 
U.S.  Army  Forces  Command 
Far  West  Teias  Water  Planning  Group 
fiscal  year 

Global  Climate  Model 

Global  Defense  Posture  Realignment 

geographic  information  system 

Geostationary  Operational  Environmental  Satellite 

General  Services  Administration 

headquarters 

hydrologic  unit  code 

International  Boundary  and  Water  Com mssion 

International  Federation  of  Red  Cross  and  Red  Crescent  Societies  (IFRCRCS) 

Installation  Management  Command 

Index  of  Watershed  Indicators 

Institute  for  Water  Resources 

Journal  of  American  Water  Resources  Association 

Joint  Desalination  Facility 

Joint  Forces  Training  Base 

Leadership  in  Energy  and  Environmental  Design 

Logistics  Transformation  Agency 

million  gal/ day 

Massachusetts  Institute  of  Technology 
Metropolitan  Statistical  Areas 
National  Ambient  Air  Quality  Standards 
Naval  Facilities  Engineering  Command 
National  Water  Quality  Assessment 
National  Climatic  Data  Center 

North  Carolina  Division  of  Pollution  Prevention  and  Environmental  Assistance 

North  Carolina  Division  of  Water  Resources 

National  Emergency  Management  Information  System 

National  Environmental  Policy  Act 

National  Land  Cover  Data 
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Term 

NMFS 

NOM 

NREM 

NTC 

NWlS 

O&M 

ONUS 

OSD 

PDF 

PdNWTF 

PM 

PNNL 

PWC 

PWD 

RFTA 

RSC 

RWRI 

SAR 

SCERP 

SDSU 

SERM 

SIRRA 

SR 

TES 

TR 

TTI 

TWDB 

TWM 

UIUC 

UM 

UPH 

URL 

USAGE 

use 

uses 

USDOD 

USDoHS 

USDOI 

US  DOT 

USEPA 

USFWS 

USGAO 

USGS 


Spellout 

National  Marine  Fishenes  Service 

National  Oceanic  and  Atmospheric  Administration 

Natural  Resource  Ecology1  and  Management 

National  Training  Center 

National  Water  Information  System 

operations  and  maintenance 

Old  North  Utility  Services.  Inc. 

Office  of  the  Secretary  of  Defense 
Portable  Document  Format 
Paso  del  Norte  Water  Task  Force 
particulate  matter 

Pacific  Northwest  National  Laboratory 
Public  Works  Commission 


Regional  Support  Center 
rarity  weighted  richness  index 
Species  at  nsk 

Southwest  Center  for  Environmental  Research  and  Policy 
San  Diego  State  University 

Sustainability.  Environment,  and  Room  to  Maneuver 
Sustainable  Installations  Regional  Resource  Assessment 
Special  Report 

threatened  and  endangered  species 

Technical  Report 

Travel  Time  Index 

Texas  Water  Development  Board 

total  water  management 

University  of  Illinois  at  Urbana-Champaign 

units  of  measurement 

Unaccompanied  Personnel  Housing 

Universal  Resource  Locator 

U.S.  Army  Corps  of  Engineers 

United  States  Code 

U.S.  Census  Bureau 

U.S.  Department  of  Defense 

U.S.  Department  of  Homeland  Security  (USDoHS) 

U.S.  Department  of  the  Interior 
U.S.  Department  of  Transportation 
U.S.  Environmental  Protection  Agency 
U.S.  Fish  and  Wildlife  Service 
U.S.  General  Accounting  Office 
U.S.  Geological  Survey 
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Term  Spellout 

UV  Ultraviolet 

VAAP  Vulnerability  Assessment  Action  Plan 

WAATS  Western  Army  National  Guard  Aviation  Training  Site 

WUA  Water  Utility  Authonty 

WUCGLS  Water  Use  Classifications  of  Landscape  Species  (WUCOLS) 

WWW  World  Wide  Web 


ERDC/CERL  TR-09-38 


IBS 


Appendix  A:  Indicator  Metadata 
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Sustainability  Issue:  Water  Availability 


Indicator:  Streamflow  (A1) 

Variables:  Velocity,  cubic  feet  per  second 

Scale:  Watershed,  HUC  8 

Year:  Water  Year  2007  (a  water  year  runs  from  October  i°  to  September  30"1) 

Data  Source: 

U.S.  Environmental  Protection  Agency  (USEPA).  1947.  The  Index  of  Watershed  Indicators, 
F.PA-S41-R- 97- 010.  Office  of  Water.  Washington,  DC, 
http://wvov.epa.eov/wateratlas/gen/napHsLntml 

Kurd.  B..  N.  Leary.  R.  Jones,  and  J.  Smith.  1999.  Relative  regional  vulnerability  of  water 

resources  to  climate  change.  Journal  of  the  American  Watei'  Resources  Association, 

35(6):  1399-1409. 

http://www.aivfa.efg 

U.S.  Geological  Survey  (USGS).  2007.  National  Water  Information  System  (NWIS):  Surface- 
Water  Data  for  the  .Nation.  Daily  Streamflow  for  the  .Notion.  Washington,  DC. 
http:  /  /  nwts.waterflata.  usgs.Eov/usa/  nwis/flischarge 

Logic:  Streamflows  are  critical  to  many  riparian  areas.  If  they  fall  below  safe 
threshold  levels,  it  can  threaten  individual  species  or  potentially  endanger  en¬ 
tire  aquatic  ecosystems.  Riparian  ecosystems  where  seasonal  periods  of  ex¬ 
treme  low  flow  occur  are  the  most  vulnerable  to  climatic  and  hydrologic 
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changes  (B.  Hurd  el  al.  1999). 

Impacts  to  the  military  mission  would  include  diminished  or  stressed  threat¬ 
ened  and  endangered  species  (TES)  habitat  and  population,  which  in  turn 
could  negatively  impact  the  ability  for  certain  training  and  other  missions. 
Diminished  earning  capacity  across  training  may  result  due  to  the  increased 
erosion,  as  a  result.  Finally,  the  availability  of  water  would  significantly  de¬ 
crease  resulting  in  overall  resource  vulnerability. 

Replicable:  USGS  surface-water  data  includes  more  than  850,000  stations 
recording  time-series  data  that  describe  stream  levels,  stream  flow  (dis¬ 
charge),  reservoir  and  lake  levels,  surface-water  quality,  and  rainfall.  The  data 
is  collected  by  automatic  recorders  and  manual  measurements  by  field  per¬ 
sonnel  and  is  relayed  through  telephones  or  satellites  to  offices  where  it  is 
stored  and  processed.  The  data  relayed  through  the  Geostationary  Opera¬ 
tional  Environmental  Satellite  (GOES)  system  are  processed  automatically  in 
near  real  time,  and  in  many  cases,  real-time  data  are  available  online  within 
minutes.  Annually,  the  USGS  finalizes  and  publishes  the  daily  data  in  a  series 
of  water-data  reports.  Daily  streamflow  data  and  peak  data  are  updated  annu¬ 
ally  following  publication  of  the  reports.  Due  to  extensive  downloading  and 
numerous  calculations  of  streamflow  data  to  create  the  Streamflow  indicator, 
it  is  recommended  that  this  indictor  be  updated  annually  or  every  other  year. 

Directions:  Download  average  annual  streamflow  by  hydrologic  region  for 
water  year  2007  from  USGS  NW1S  at:  hnn..y  nwts.Mtgiflata.use5.gov/uwnws/fliicnarge. 
Save  files  as  tab-separated  data.  Import  and  join  all  files  into  a  spreadsheet 
program.  Group  all  data  stations  by  HUG.  Since  not  all  basin  and  sub-basin 
HUC  have  data  stations,  compute  averages  for  the  largest  HUG  units  first  then 
for  smaller  MUG  units  as  data  allows.  Import  the  HUC  streamflow  2007  an¬ 
nual  averages  into  a  G1S  program  and  join  them  with  HUC  8  watershed 
boundary  files  to  create  a  GIS  Streamflow  indicator  layer. 

Note,  downloading  average  annual  streamflow  measurements  for  over 
850,000  stations  results  in  millions  of  data  points.  Due  to  query  limitation  of 
the  NWIS  web  server,  it  is  recommended  to  contact  USGS  Surface-Water 
Data  Department  for  assistance  in  these  queries. 

Indicator  Measure:  Streamflow  was  defined  as  the  mean  value  of  velocity 
(cubic  feet  per  second)  that  originates  from  groundwater  outflow  (base  flow). 
This  measurement  is  mostly  independent  of  levels  and  changes  in  surface 
runoff.  The  streamflow  ratings  were  grouped  into  the  following  classifications 
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based  on  statistical  analyses  around  the  average  (3,125.93)  and  the  standard 
deviation  (13,1/10.38): 


Very  Low  Vulnerability 

(1): 

>6,000  eft/sec 

Low  Vulnerability 

(2): 

3,001  -  6,000  cft/sec 

Moderate  Vulnerability 

(3): 

501  -  3,000  ef/sec 

Vulnerable 

(4): 

201  -  500  cft/sec 

High  Vulnerability 

(5): 

0  -  200  cft/sec. 

Rules:  No  rules  necessary  for  relating  data  to  the  HUC  8  watershed  level. 

Indicator:  Local  Water  Production  (A2) 

Variables:  Annual  Runoff,  millimeters  per  year 

Scale:  Watershed,  HUC  8 

Year:  Water  Year  2007  (a  water  year  runs  from  October  ia  to  September  30th) 

Data  Source: 

U.S.  Geological  Survey  (USGS).  2007.  National  Water  Information  System  (NWIS):  Surface- 
Water  Data  for  the  Nation.  Daily  Streamflow  for  the  Nation.  Washington,  DC. 
http://nwis.watei0ata.u5gs.gov/uM/mvii, -discharge 

Logic:  Runoff  is  the  portion  of  precipitation  that  flows  over  land  surfaces  into 
streams  and  lakes.  The  runoff  is  also  a  spatially  distributed  quantity  and  has 
been  calculated  by  USGS  as  the  stream  flow  divided  by  the  drainage  area  or 
watershed  area.  The  result  is  an  estimation  of  the  amount  of  water  generated 
from  with-in  a  watershed  and  contributing  to  local  water  supplies. 

Ixical  precipitation  (primarily  in  the  form  of  rainfall  or  snow  melt)  is  not  the 
only  source  of  water  supply  for  populations.  Often,  streams  and  waterways 
carry  water  supplies  across  watershed  boundaries.  However,  if  local  produc¬ 
tion  is  low,  supplies  must  depend  on  outside  sources.  Impacts  to  military  mis¬ 
sions  could  include  diminished  water  supplies  and  result  in  overall  resource 
vulnerability. 

It  is  important  to  also  note  that  when  runoff  flows  along  the  ground,  it  can 
pick  up  man-made  or  soil  contaminants  such  as  petroleum,  pesticides,  or  fer¬ 
tilizers  that  become  source  pollutants.  In  other  words,  a  watershed  may  sup¬ 
ply  sufficient  water  supplies,  but  land  development  may  deteriorate  the  qual¬ 
ity  of  the  supplies.  Because  of  this  concern,  this  indicator  should  be  taken  in 
context  and  used  in  conjunction  with  other  land  development  and  water  qual¬ 
ity  indicators. 
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Replicable:  USGS  surface-water  data  includes  more  than  850,000  stations 
recording  time-series  data  that  describe  stream  levels,  streamflow  (dis¬ 
charge),  reservoir  and  lake  levels,  surface-water  quality,  and  rainfall.  The  data 
is  collected  by  automatic  recorders  and  manual  measurements  by  field  per¬ 
sonnel  and  relayed  through  telephones  or  satellites  to  offices  where  it  is 
stored  and  processed.  The  data  relayed  through  the  GOES  system  are  proc¬ 
essed  automatically  in  near  real  time,  and  in  many  cases,  real-time  data  are 
available  online  within  minutes.  Annually,  the  USGS  finalizes  and  publishes 
the  daily  data  in  a  series  of  water-data  reports,  runoff  data  is  updated  annu¬ 
ally  following  publication  of  the  reports.  Due  to  extensive  downloading  of 
runoff  data  to  create  the  Local  Water  Production  indicator,  it  is  recommended 
that  this  indictor  be  updated  annually  or  every  other  year. 

Directions:  Download  average  annual  runoff  by  hydrologic  region  for  2007 
from  USGS  NW1S  at:  hap..''nwis.wateKiau.uses.Eo>,.,usa.'r.»w.  Save  files  as  tab- 
separated  data.  Import  and  join  all  files  into  a  spreadsheet  program.  Group  all 
data  stations  by  HUC  8  watershed  level.  Import  runoff  values  into  a  GIS  pro¬ 
gram  and  join  them  with  HUC  8  watershed  boundary  files  to  create  a  GIS  Lo¬ 
cal  Water  Production  indicator  layer. 


Indicator  Measure:  Local  water  production  was  defined  as  the  average  value 
of  precipitation  that  originates  from  a  watershed  during  a  typical  year.  This 
measurement  is  approximated  with  surface  runoff.  The  local  water  produc¬ 
tion  ratings  were  grouped  into  the  following  classifications  based  on  statistical 
analysis  around  the  mean  (259.18)  and  the  standard  deviation  (338.12): 


Very  Low  Vulnerability 
Low  Vulnerability 
Moderate  Vulnerability 
Vulnerable 
High  Vulnerability 


(1): 

>600  mm/yr 

(2): 

431  -  600  mm/yr 

(3): 

261  -  430  mm/yr 

(4): 

90  -  260  mm/yr 

(5): 

<90  mm/yr. 

Rules:  No  rules  necessary  for  relating  data  to  the  HUC  8  watershed  level. 


Indicator:  Presence  of  Groundwater  (A3) 
Variables:  Principal  Aquifer 


Scale:  National 


Year:  2006 
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Data  Source: 

U.S.  Geological  Survey  (USGS).  November  2006.  National  Atlas:  Water.  Washington.  DC. 
hnp://»i*wjiationalatlas.eov/atlasHo.titml«aQuihp 

Logic:  Principal  aquifers  are  the  uppermost  aquifer  typically  supplying 
groundwater.  This  indicator  illustrates  the  areas  where  groundwater  sources 
yield  significant  quantities  of  water  to  wells  and  springs.  This  information  is 
often  used  by  Federal,  State,  and  local  agencies  for  water-resource  planning 
and  management.  Impacts  to  the  military'  mission  include  secure  water  avail¬ 
ability,  but  may  also  include  activity  restriction  on  possible  source  contamina¬ 
tions. 


Not  tied  to  this  data  is  the  current  level  of  available  groundwater,  recharge 
rates,  or  water  qualities.  Thus,  it  is  important  to  use  local  knowledge  in  inter¬ 
preting  the  presence  of  groundwater  indicator. 

Replicable:  This  indicator  could  be  replicated  regularly  as  long  as  the  USGS 
continues  to  monitor  groundwater  aquifers.  However,  the  presence  of 
groundwater  aquifers  is  unlikely  to  change.  It  is  recommended  that  this  indi¬ 
cator  be  replicated  only  once  a  decade.  The  GIS  compatible  layer  containing 
aquifer  boundaries  (USGS  2006)  can  be  found  at: 
http://w\«wfalionalatlas.gov/atlas>tp.tHmlfta<ui<rp 

Directions:  Download  "aquifers-  from  the  USGS  National  Atlas  at  URL: 
http:// »vnv.natlonalail  as.gov/aHosftp.ntnilgaguifn>. 


Import  the  data  into  a  GIS  program  to  create  the  Presence  of  Groundwater 
indicator  layer. 


Indicator  Measure:  Presence  of  groundwater  was  defined  as  the  existence  of  a 
principal  aquifer: 


Very  Low  Vulnerability'  (1) 
Low  Vulnerability  (2^ 
Moderate  Vulnerability  (3] 
Vulnerable  (4] 

High  Vulnerability  (5] 


Groundwater  Supply  Present 
Not  Applicable 
Not  Applicable 
Not  Applicable 

No  Groundwater  Supply  Present. 


Rules:  Watershed  may  have  multiple  or  partial  aquifers  within  its  boundaries. 
If  any  part  of  the  HUC  8  watershed  has  an  aquifer  boundary  present,  the  en¬ 
tire  watershed  is  characterized  as  “groundwater  present." 
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Indicator:  Low  Flow  Sensitivity  (A4) 

Variables:  Velocity,  cubic  feet  per  second 

Scale:  Watershed,  HUC  8 

Year:  Water  Year  2002  and  Water  Year  2007  (a  water  year  runs  from  October 
l*  to  September  30th) 

Data  Source: 

U.S.  Environmental  Protection  Agency  (USEPA).  1997.  The  Index  of  Watershed  Indicators. 
EPA-841-R-97-010.  Office  of  Water.  Washington.  DC. 
hta:.'.'V«w.epa.£ov/wate  ratlas/  gen/ mapllstltml 

Hurd.  B..  N.  Leary,  R.  Jones,  and  J.  Smith.  1999.  Relative  regional  vulnerability  of  water 

resources  to  climate  change.  Journal  of  the  American  Water  Resources  Association, 
35(6):  1399-1409, 
http:// www.awra.org 

U.S.  Geological  Survey  (USGS).  2007.  National  Water  Information  System  (NWIS):  Surface- 
Water  Data  for  the  Nation,  Daily  Streamflow  for  the  Nation.  Washington.  DC. 
hnpi/./njils.wateidata-usgs.gov/usa/nwis/aischafEe 

Logic:  Streamflows  are  critical  to  many  riparian  areas,  and  falling  below  safe 
threshold  levels  can  threaten  individual  species  or  potentially  endanger  entire 
aquatic  ecosystems.  Riparian  ecosystems  where  seasonal  periods  of  extreme 
low  flow  occur  are  the  most  vulnerable  to  climatic  and  hydrologic  changes. 
Changes  in  annual  streamflows  can  further  diminish  streamflows  during  the 
low  flow  seasons,  since  there  is  less  capacity  for  enduring  additional  stresses 
(B.  Hurd  et  al.  1999). 

Impacts  to  the  military  mission  would  include  diminished  or  stressed  TES 
habitat  and  population,  which  in  turn  could  negatively  impact  the  ability  for 
certain  training  and  other  missions.  Additional  diminished  carrying  capacity 
across  training  may  result  due  to  the  increased  erosion.  Finally,  the  availabil¬ 
ity  of  water  would  significantly  decrease  resulting  in  overall  resource  vulner¬ 
ability. 

Replicable:  USGS  surface-water  data  includes  more  than  850,000  stations 
recording  time-series  data  that  describe  stream  levels,  streamflow  (dis¬ 
charge),  reservoir  and  lake  levels,  surface-water  quality,  and  rainfall.  The  data 
is  collected  by  automatic  recorders  and  manual  measurements  by  field  per¬ 
sonnel  and  relayed  through  telephones  or  satellites  to  offices  where  it  is 
stored  and  processed.  The  data  relayed  through  the  GOES  system  are  proc- 
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essed  automatically  in  near  real  time,  and  in  many  cases,  real-time  data  are 
available  online  within  minutes.  Annually,  the  USGS  finalizes  and  publishes 
the  daily  data  in  a  series  of  water-data  reports.  Daily  streamflow  data  and 
peak  data  are  updated  annually  following  publication  of  the  reports.  Due  to 
extensive  downloading  and  numerous  calculations  of  streamflow  data  to  cre¬ 
ate  the  Streamflow  indicator,  it  is  recommended  that  this  indictor  be  updated 
annually  or  every  other  year. 

Directions:  Download  average  annual  streamflow  by  hydrologic  region  for 
water  year  2002  and  2007  from  USGS  NVVIS  at: 
http:// nwls.wateiaata.usgs.gov/uva/nwis/dlscharge 

Save  files  as  tab-separated  data.  Import  and  join  all  files  into  a  spreadsheet 
program.  Group  all  data  stations  by  HUC  8  watershed  level.  Since  not  all  ba¬ 
sin  and  sub-basin  HUC  have  data  stations,  compute  averages  for  the  largest 
HUC  units  first  then  for  smaller  HUC  units  as  data  allows.  Calculate  the  per¬ 
cent  change  in  streamflow  from  2002  to  2007: 

[((streamflow  2007  -  streamflow  2002|/sueamflow  20021*1001. 

Import  the  percent  change  in  streamflow  into  a  GIS  program  and  join  them 
with  HUC  8  watershed  boundary  files  to  create  a  GIS  Low  Flow  Sensitivity  in¬ 
dicator  layer. 

Note,  downloading  average  annual  streamflow  measurements  for  over 
850,000  stations  results  in  millions  of  data  points.  Due  to  query  limitation  of 
the  NW1S  web  server,  it  is  recommended  to  contact  USGS  Surface-Water 
Data  Department  for  assistance  in  these  queries. 

Indicator  Measure:  Streamflow  sensitivity  was  defined  as  the  percent  change 
in  velocity  (cubic  feet  per  second)  from  water  year  2002  to  water  year  2007. 
This  measurement  is  mostly  independent  of  levels  and  changes  in  surface 
runoff  over  a  5-year  timeframe.  The  low  flow  sensitivity  ratings  were  grouped 
into  the  following  classifications  based  on  statistical  analysis  around  the  aver¬ 
age  (169.98)  and  the  standard  deviation  (13,140.38): 


Very  Low  Vulnerability 

(1): 

<0% 

Low  Vulnerability 

(2): 

0  -  85% 

Moderate  Vulnerability 

(3): 

86  -  170% 

Vulnerable 

(4): 

171  -  255% 

High  Vulnerability 

(5): 

>255%. 

Rules:  No  rules  necessary  for  relating  data  to  the  HUC  8  watershed  level. 
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Indicator:  Groundwater  Depletion  (A5) 

Variables:  Groundwater  Withdrawals  (annual) 

Scale:  County 

Year:  1995  and  2000 

Data  Source: 

USEPA.  1997.  The  Index  0/  Watershed  Indicators,  EPA-841-K-97-41 10.  Office  ol  Water, 
Washington,  DC, 

http://ww.epa.gov/wateraMas/ften/inapll5tlitml 

USGS.  2002.  Estimated  Use  of  Water  in  the  United  States  in  2000,  l'.S.  Department  of  the 
Interior,  Washington,  DC. 
http://watef.usgs.eot/watuse/ 

USGS.  1997.  Estimated  Use  of  Water  in  the  United  States  in  1995.  U.S.  Department  ol  the 
Interior.  Washington,  DC, 
http:/  /  watef.usgs.gov/watuse/ 

Hurd.  B..  N.  Leary,  R.  Jones,  and  J.  Smith.  1999.  Relative  regional  vulnerability  of  water 

resources  to  climate  change.  Journal  of  the  American  Water  Resources  Association, 

35(6):  1399-1409, 

http://wvrwjwra.org 

Logic:  Groundwater  depletion  is  a  measure  of  groundwater  withdrawals. 
Groundwater  withdrawals  can  affect  both  ground  and  surface  water  supplies 
and  quality.  Intensive  withdrawals  have  led  to  cases  where  wells,  springs,  and 
wetlands  have  gone  dry;  lake  levels  have  dropped;  steam  flow  has  been  re¬ 
duced  with  great  harm  to  wildlife;  and  contamination  has  prevented  installa¬ 
tion  of  new  wells. 

Excessive  groundwater  withdrawals  suggest  that  increased  groundwater  use 
may  not  be  a  viable  adaptation  to  changes  in  surface  water  supply  or  increases 
in  water  demand  (B.  Hurd  et  al.  1999).  The  drop  in  the  water  table  known  as 
groundwater  mining  is  one  problem.  It  occurs  when  water  is  withdrawn  from 
an  aquifer  more  rapidly  than  it  is  replenished.  As  the  water  table  drops,  water 
pumping  costs  increase.  Eventually,  the  users  run  out  of  water.  Extensive 
groundwater  mining  also  may  cause  subsidence,  a  lowering  of  the  land  sur¬ 
face.  Subsidence  occurs  when  the  removal  of  water  levels  underground  spaces 
that  collapse  or  when  underlying  clay  shrinks  from  lack  of  moisture.  The  re¬ 
sult  looks  like  a  cone  of  depression  on  the  land.  Lowered  water  tables  can  also 
lead  to  greater  contamination  of  groundwater.  The  reduction  in  surface  water 
lowers  the  ability  of  a  region’s  waterways  to  filter  pollutants  from  water  before 
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it  Hows  in  to  recharge  an  aquifer.  Average  groundwater  withdrawals  in  excess 
of  natural  base  flows  indicate  an  unsustainable  rate  of  groundwater  use. 

Replicable:  This  indicator  can  be  replicated  every  5  years  based  on  USGS 
updates. 

Directions:  Download  1995  and  2000  data  for  counties  from  the  USGS  Water 
Use  in  the  United  States  available  through  URL:  hnpy/wBtef.usg-Eov/watuse/. 

Import  the  data  into  a  spreadsheet  program  and  calculate  the  percent  change 
in  water  withdrawals  from  1995  to  2000: 

IHTOMI  Withdrawals  3000  -  Total  Withdrawals  1995)/  Total  Withdrawals  1995)*  100)1- 


Import  the  percent  change  in  withdrawal  values  into  a  GIS  program  and  join 
them  with  the  county  boundary  files  to  create  the  Groundwater  Depletion  in¬ 
dicator  layer. 


Indicator  Measure:  Groundwater  depletion  was  determined  by  the  percent 
change  in  total  groundwater  withdrawals  between  1995  and  2000.  The 
groundwater  depletion  ratings  were  grouped  into  the  following  classifications 
based  on  statistical  classification  around  the  mean  (83.17  percent)  and  stan¬ 
dard  deviation  (323.17): 


Very  Low  Vulnerability  (1) 
Low  Vulnerability  (2^ 
Moderate  Vulnerability  (3] 
Vulnerable  (4) 

High  Vulnerability  (5) 


<=  o  percent  change 
o  -  25  percent  change 
o  -  25  percent  change 
26  -  83  percent  change 
>150  percent  change. 


Rules:  Watersheds  often  cover  two  or  more  counties.  Therefore,  watershed 
classifications  are  determined  by  a  weighted  average.  The  weighted  average 
calculation  determines  what  percentage  of  the  watershed  is  in  each  county 
and  multiplies  that  percentage  for  each  county  by  that  county's  classification 
value.  Those  values  for  each  region  of  the  watershed  are  then  totaled  to  arrive 
at  a  value  for  the  watershed.  This  value  is  subjected  to  the  same  ranking  met¬ 
ric  that  determined  the  classifications  for  the  individual  counties. 


Indicator:  Drought  Sensitivity  (A6) 

Variables:  12-month  percent  of  average  precipitation 


Scale:  National 
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Year:  2007 
Data  Source: 

NOAA  Satellite  and  Information  Service.  2007.  North  American  drought  monitor  drought 
indices  and  data.  National  Climatic  Data  Center, 
http.// MVrt-ncOc.noaa.gov/oa/cli  mate/ momlonng' drought/ nadm/indlces.php 

Logic:  The  percent  of  long-term  average  precipitation  is  a  viable  indicator  of 
drought  conditions.  Long-term  average  precipitation  has  been  calculated  over 
a  1951  to  2001  base  period.  The  drought  sensitivity  indicator  shows  the  per¬ 
centage  of  these  averages  that  has  fallen  during  the  July  2006  to  June  2007 
period. 

Drought  impacts  military  mission  and  the  overall  ability  to  produce  goods  and 
provide  services.  Direct  impacts  included  reduced  crop,  rangeland,  and  forest 
productivity;  increased  fire  hazard;  reduced  water  levels;  increased  livestock 
and  wildlife  mortality  rates;  and  damage  to  wildlife  and  fish  habitat. 

Replicable:  This  indicator  could  be  replicated  every  month  based  on  data 
gathered  by  the  National  Climatic  Data  Center. 

Directions:  Download  “long-term  average  precipitation,  12-month  percent  of 
average"  from  the  National  Climatic  Data  Center  at  URL: 

http:// »vw-ncoc.noaa.eot/oa/Qi  mate/ mo  n<torine''Qroueh',,nadm/mdlce5.php?md;-map&flrr5tn-5tn&ina  cat 
or-pctpcp&mbmrtted-SuOmit 

Import  the  data  into  a  GIS  program  to  create  the  Drought  Sensitivity  indica¬ 
tor  layer. 

Indicator  Measure:  This  indicator  measures  hydrological  drought  to 
characterize  potential  decreases  in  water  supplies.  The  drought  sensitivity 
ratings  were  grouped  into  the  following  classifications  based  on  definitions 
created  by  the  NCI)C  (NOAA  2007): 


Very  Low  Vulnerability 

(1): 

>160%  (change  from  long-term  average) 

Low  Vulnerability 

(2): 

131  -  160% 

Moderate  Vulnerability 

(3): 

74  - 130% 

Vulnerable 

(4): 

45  -  73% 

High  Vulnerability 

(5): 

<45% 

A  complete  explanation  of  the  NCDC  ranges  is  available  at  URL: 
http://>vw«>.nc(Sc.noaa.ear/oa/c>ifnate/fnomtonni/clfought/nadm/indtcBS.php 
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Note,  no  data  available  for  Alaska  or  Hawaii. 

Rules:  Watersheds  often  cover  two  or  more  drought  regions.  Therefore, 
watershed  classifications  are  determined  by  a  weighted  average.  The  weighted 
average  calculation  determines  what  percentage  of  the  watershed  is  in  each 
drought  region  and  multiplies  that  percentage  for  each  region  by  that  region’s 
classification  value.  Those  values  for  each  region  of  the  watershed  are  then 
totaled  to  arrive  at  a  value  for  the  watershed.  This  value  is  subjected  to  the 
same  ranking  metric  that  determined  the  classifications  for  the  individual 
counties. 

Indicator:  Federally  Declared  Disasters  (A7) 

Variables:  Number  of  Federally  declared  natural  disasters  in  the  categories  of 
tsunami,  coastal  storm,  drought,  earthquake,  flood,  freezing,  hurricane, 
typhoon,  dam/levee  break,  mud/landslide,  severe  ice  storm,  fire,  snow, 
tornado,  volcano,  and  severe  storm  per  square  mile 

Scale:  State 

Year:  1964  through  2007,  totaled 

Data  Source: 

Federal  Emergency  Management  Agency'  U.S.  Department  of  Homeland  Security.  2007. 
Federally  Declared  Disasters  by  Calendar  Year.  FEMA  GIS  and  Data  Solutions 
Branch.  Washington.  DC, 
http:'  /  wfcmagiX''  library ’arcvs.shlro 

International  Federation  of  Red  Cross  and  Red  Crescent  Societies  (IFRCRCS).  21x12.  World 
disasters  report;  Focus  on  reducing  risk  2002, 
http:  //  »wjfrc.Ofg/puDlicat'wfli2002/ 

Logic:  This  indicator  measures  the  number  of  Federally  Declared  Disasters 
occurring  between  1964  and  2002.  Federally  declared  disasters  are  those  dis¬ 
asters  declared  by  communities  to  the  Federal  government.  Often  times  on 
declaration,  the  Federal  government  offers  some  form  of  relief  to  the  commu¬ 
nity  (IFRCRCS  2002).  Thus  whether  or  not  a  disaster  is  declared  depends 
largely  on  the  resources  of  the  community  and  the  aggressiveness  of  commu¬ 
nity  leaders.  Many  disasters  of  significant  consequences  are  not  declared 
while  some  of  relatively  little  consequences  are  declared.  In  other  words,  dec¬ 
laration  may  have  little  to  do  with  severity.  Nonetheless.  Federally  declared 
disasters  offer  the  best  indication  of  a  community’s  disaster  vulnerability  re¬ 
duction  efforts.  It  is  simply  vital  to  use  local  knowledge  in  interpreting  the 
Federally  Declared  Disasters  classifications. 
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Disasters  impact  local  infrastructure,  water  supplies,  and  drainage  and  sanita¬ 
tion.  Direct  damages  to  the  water  supply  include  repairs  or  reconstruction 
casts  in  water  collection  works,  water  processing  plants,  distribution  pips,  and 
leakages  in  water  distribution  network;  repair  casts  of  sanitary  sewage  net¬ 
work;  and  rehabilitation  costs  of  served  water  treatment  plants. 

Replicable:  This  indicator  can  be  updated  annually  based  on  Federally 
Declared  Disasters  by  Calendar  Year  data,  as  collected  in  the  National  Emer¬ 
gency  Management  Information  System  (NEMIS)  maintained  by  FEMA. 

Directions:  The  database,  "declarations  by  type,”  is  sorted  by  disaster  type 
(USDoHS.  FEMA  2007).  Those  disasters  that  are  not  in  the  categories  of  tsu¬ 
nami,  coastal  storm,  drought,  earthquake,  flood  freezing,  hurricane,  typhoon, 
dam/levee  break,  mud/landslide,  severe  ice  storm,  fire,  snow,  tornado,  vol¬ 
cano,  or  severe  storm  are  eliminated.  Data  is  then  sorted  by  state.  Import  the 
data  into  a  (IIS  program  and  join  it  with  the  state  shape  files  to  create  a  Fed¬ 
erally  Declared  Disasters  indicator  layer. 

Indicator  Measure:  The  number  of  Federally  declared  natural  disasters  in  the 
categories  of  tsunami,  coastal  storm,  drought,  earthquake,  flood,  freezing, 
hurricane,  typhoon,  dam/levee  break,  mud/landslide,  severe  ice  storm,  fire, 
snow,  tornado,  volcano,  and  severe  storm  for  each  state  was  summed  to  ob¬ 
tain  a  38-year  total  for  natural  disasters.  Statistical  analysis  resulted  in  a 
mean  of  32  disasters  per  state.  Fitting  the  data  around  the  mean  created  the 
following  classifications: 


Very  Low  Vulnerability 

(1): 

<20  disasters 

Low  Vulnerability 

(2): 

20  -  30  disasters 

Moderate  Vulnerability 

(3): 

31  -  40  disasters 

Vulnerable 

(4): 

41-50  disasters 

High  Vulnerability 

(5): 

>50  disasters. 

Rules:  Watersheds  often  cover  two  or  more  states.  Therefore,  watershed 
classifications  are  determined  by  a  weighted  average.  The  weighted  average 
calculation  determines  what  percentage  of  the  watershed  is  in  each  state  and 
multiplies  that  percentage  for  each  state  by  that  state’s  classification  value. 
Those  values  for  each  region  of  the  watershed  are  then  totaled  to  arrive  at  a 
value  for  the  watershed.  This  value  is  subjected  to  the  same  ranking  metric 
that  determined  the  classifications  for  the  individual  counties. 

Indicator:  Seismic  Zones  (A8) 

Variables:  Spectral  acceleration  for  0.2  second  period  with  2  percent 
probability  of  exceedance  in  50  years 
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ability  of  exceedance  in  50  years 
Scale:  National 
Year:  2002 
Data  Sources: 

Frankel.  Arthur.  Charles  Mueller,  Theodore  Bamhard.  David  Perkins.  E.V.  Leyendecker. 

Nancy  Dukman.  Margaret  Hanson,  and  Stanley  Hopper.  1997.  Seismic-Hazard  Maps 
Jar  ihe  Conterminous  United  States,  UA  Geological  Survey  Open-File  Report  97-131- 
F.  UA  Geological  Survey  Bureau.  U.S.  Department  of  the  Interior  (USDOI),  Reston, 
VA.  Map  F  -  Horizontal  spectral  response  acceleration  for  0.2  second  period  (5%  of 
critical  damping)  with  2%  probability  of  exceedance  in  50  years. 
http://eeohazaids.q.usg5.g></eQ/ 

Personal  communication  with  Steven  Sweeney.  Structural  Engineer.  ERDC-CERL. 

Champaign,  IL  and  Adam  Sagert,  graduate  student  assistant  associated  with  the 
project.  2002. 

Logic:  Earthquakes  are  a  threat  to  built  structures  and  human  health  and 
safety.  The  military  must  be  sensitive  to  potential  threats  from  the  natural  en¬ 
vironment.  The  mission  of  the  installation,  local  infrastructures,  water  sup¬ 
plies,  and  drainage  and  sanitation  systems  can  be  severely  impacted  by  an 
earthquake.  Direct  damages  to  the  water  supply  include  repairs  or  reconstruc¬ 
tion  costs  in  water  collection  works,  water  processing  plants,  distribution 
pips,  and  leakages  in  water  distribution  network;  repair  costs  of  sanitary'  sew¬ 
age  network:  and  rehabilitation  costs  of  served  water  treatment  plants. 

Replicable:  This  indicator  can  be  replicated  as  often  as  the  USGS  updates 
their  Seismic  Risk  data.  The  trend  seems  to  be  to  update  these  maps  every  5 
or  6  years. 

Directions:  Download  the  horizontal  spectral  response  acceleration  for  0.2 
second  period  (5  percent  of  critical  damping)  with  2  percent  probability  of  ex¬ 
ceedance  in  50  years.  Import  the  data  into  a  GIS  program  to  create  a  seismic¬ 
ity  risk  area  indicator  layer.  GIS  data  concerning  seismicity  (A.  Frankel  et  al. 
1997)r 

hnpi/’/eeohamds.a.usgs.gov/eQ/ 

Indicator  Measure:  The  values  found  on  the  map  are  the  horizontal  spectral 
response  acceleration  for  0.2  second  period  (5  percent  of  critical  damping) 
with  2  percent  probability  of  exceedance  in  50  years.  USGS  documentation 
(A.  Frankel  et  al.  1997)  separates  the  data  into  various  seismic  classifications, 
which  were  then  translated  into  a  vulnerability  scale  with  the  assistance  of 
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seismic  expert  and  structural  engineer  (personal  communication  with 
Sweeney  2002): 


Very  Low  Vulnerability  (1) 
Low  Vulnerability  (2) 
Moderate  Vulnerability  (3^ 
Vulnerable  (4] 

High  Vulnerability  (5] 


<=7%g  (gravity) 
>7-<=8%g  (gravity) 

>8  -  <=i6%g  (gravity) 

>16  -  <=24%g  (gravity) 
>24%g  (gravity). 


Rules:  Watersheds  often  cover  two  or  more  seismic  zone.  Therefore, 
watershed  classifications  are  determined  by  a  weighted  average.  The  weighted 
average  calculation  determines  what  percentage  of  the  watershed  is  in  each 
seismic  zone  and  multiplies  that  percentage  for  each  zone  by  that  zone's  clas¬ 
sification  value.  Those  values  for  each  zone  of  the  watershed  are  then  totaled 
to  arrive  at  a  value  for  the  watershed.  This  value  is  subjected  to  the  same 
ranking  metric  that  determined  the  classifications  for  the  individual  counties. 


Indicator:  Federally  Declared  Floods  (A9) 

Variable:  Number  of  Federally  declared  floods  per  Square  Mile 


Scale:  County 

Year:  12/24/1964  through  6/15/2004,  totaled 

Data  Sources: 

Federal  Emergency  Management  Agency  (FEMA),  L’.S.  Department  of  Homeland 
Security,  Federally  Declared  Disasters  by  Calendar  Year  (FEMA  CIS  and 
Data  Solutions  Branch,  Washington,  DC,  2004), 
hnp^'/w^.fcnia.gin'llbfarv/’arcvs.slitin 

International  Federation  of  Red  Cross  and  Red  Crescent  Societies  (IRRCRCS),  World 
Dististers  Report:  Focus  on  Reducing  Risk  2002  (2002), 
tutp://»^Ac.org/DuP»cat/wdr2002/ 

Logic:  This  indicator  measures  the  number  of  Federally  Declared  Floods 
occurring  between  1964  and  2002.  Federally  Declared  Floods  are  those  floods 
declared  by  communities  to  the  Federal  government.  Often  times  on  declara¬ 
tion,  the  Federal  government  offers  some  form  of  relief  to  the  community 
(IFRCRCS  2002).  Thus  whether  or  not  a  flood  is  declared  depends  largely  on 
the  resources  of  the  community  and  the  aggressiveness  of  community  leaders. 
Many  floods  of  significant  consequences  are  not  declared  while  some  of  rela¬ 
tively  little  consequences  are  declared.  In  other  words,  declaration  may  have 
little  to  do  with  severity.  Nonetheless,  Federally  Declared  Floods  offer  the  best 
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indication  of  a  community's  flood  risk  reduction  efforts.  It  is  simply  vital  to 
use  local  knowledge  in  interpreting  the  Federally  Declared  Floods  classifica¬ 
tions. 

Every  year  flood  disasters  cause  damage  amounting  to  billions  of  dollars 
world-wide.  Floods  inflict  the  greatest  loss  in  money  than  any  other  Federally 
declared  disaster  in  the  United  States.  Floods  are  a  threat  to  both  built  struc¬ 
tures  and  human  health  and  safety.  Floods  impact  local  infrastructure,  water 
supplies,  and  drainage  and  sanitation.  Direct  damages  to  the  water  supply  in¬ 
clude  repairs  or  reconstruction  costs  in  water  collection  works,  water  process¬ 
ing  plants,  distribution  pips,  and  leakages  in  water  distribution  network;  re¬ 
pair  costs  of  sanitary  sewage  network;  and  rehabilitation  costs  of  served  water 
treatment  plants.  Thus,  the  military  must  be  sensitive  to  potential  threats 
from  the  natural  and  built  environment.  The  mission  of  the  installation  can  be 
severely  impacted  by  a  flood  if  proper  provisions  are  not  in  place. 

Replicable:  This  indicator  can  be  updated  annually  based  on  Federally 
Declared  Disasters  by  Calendar  Year  data,  as  collected  in  the  National  Emer¬ 
gency  Management  Information  System  (NEMIS)  maintained  by  FEMA. 

Directions:  The  database,  “Declarations  by  Type,"  is  sorted  by  disaster  type 
(USDoHS.  FEMA  2004).  Download  data  to  a  spreadsheet  program  and  elimi¬ 
nate  all  disasters  except  flooding.  Import  the  data  into  a  GIS  program  and  join 
it  with  the  county  shape  files  to  create  a  Federally  Declared  Floods  indicator 
layer. 

Indicator  Measure:  The  number  of  Federally  declared  floods  for  each  county 
was  summed  to  obtain  a  38-year  total  for  floods.  This  sum  was  then  divided 
by  its  respective  county  area  (square  miles)  resulting  in  Federally  declared 
floods  per  square  mile.  This  distributes  the  data  by  area.  Distributing  the  data 
by  area  allows  for  an  equal  comparison  between  large  and  small-area  coun¬ 
ties.  In  other  words,  it  protects  against  a  large-area  county  from  a  more  vul¬ 
nerable  classification  because  it  naturally  has  more  occurrences  compared  to 
a  small-area  county’.  Statistical  analysis  resulted  in  a  mean  of  0.000442  floods 
per  square  mile.  Fitting  the  data  around  the  mean  created  the  following  clas¬ 
sifications: 

Very  Low  Vulnerability  (1):  o  floods  per  square  mile 
Low  Vulnerability  (2):  o  -  0.000441  floods  per  square  mile 
Moderate  Vulnerability  (3):  0.000442  -  0.000662  floods  per  square  mile 
Vulnerable  (4):  0.000663  -  0.000884  floods  per  square  mile 

High  Vulnerability’  (5):  >0.000884  floods  per  square  mile. 
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Rules:  Watersheds  often  cover  two  or  more  counties.  Therefore,  watershed 
classifications  are  determined  by  a  weighted  average.  The  weighted  average 
calculation  determines  what  percentage  of  the  watershed  is  in  each  county 
and  multiplies  that  percentage  for  each  county  by  that  county’s  classification 
value.  Those  values  for  each  region  of  the  watershed  are  then  totaled  to  arrive 
at  a  value  for  the  watershed.  This  value  is  subjected  to  the  same  ranking  met¬ 
ric  that  determined  the  classifications  for  the  individual  counties. 

Indicator:  Flood  Risk  (A10) 

Variable:  Population 
Scale:  Watershed,  HUC  4 
Year:  1990 
Data  Source: 

USKPA  1997.  The  Index  0/  Watershed  Indicators,  EPA-841-K-97HI 10.  Office  of  Water, 
Washington.  DC. 

http:/  .'nw.epa.Fov/wateiatlas/  eeo.  luapllsitnml 

Hurd.  B..  N.  Lean-.  R.  Jones,  and  J.  Smith.  1999.  Relative  regional  vulnerability  of  water 

resources  to  climate  change.  Journal  of  the  American  Water  Resources  Association, 

35(6):  1399-1409. 

http.//*wwaii‘fa.p<g 

Logic:  This  indicator  is  based  on  the  current  population  living  within  a  500- 
Year  tlood  plain.  The  fiood  risk  indicator  characterizes  the  extent  to  which 
lives  and  property  are  at  risk  of  flood  damages.  The  500-Y'ear  Floodplain  was 
selected  over  the  more  commonly  used  100-Year  standard  because  most,  if 
not  all,  zoning  standards  and  building  practices  have  been  based  on  the  100- 
Y’ear  standard  (B.  Hurd  et  al.  1999).  This  means  that  those  living  within  the 
100-Year  Flood  plain  have  generally  taken  the  necessary  precautions  to  miti¬ 
gate  tlood  risks.  There  is  more  concern  and  risk  for  populations  and  property 
that  lie  just  beyond  the  margin  of  the  100-Year  Floodplain,  where  people  have 
not  had  regulations  that  have  required  modifications  to  properties  to  mitigate 
fiood  risks  generally  (B.  Hurd  et  al.  1999).  This  takes  into  consideration  the 
pressures  on  the  future  of  negative  impacts  on  water  availability' and  quality. 
Floods  impact  local  infrastructure,  water  supplies,  and  drainage  and  sanita¬ 
tion.  Direct  damages  to  the  water  supply  include  repairs  or  reconstruction 
costs  in  water  collection  works,  water  processing  plants,  distribution  pips,  and 
leakages  in  water  distribution  network;  repair  costs  of  sanitary  sewage  net¬ 
work;  and  rehabilitation  costs  of  served  water  treatment  plants.  Training  mis- 
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sion  and  carrying  capacity  would  be  negatively  impacted  as  a  result  of  a  500- 
Year  Hood.  This  would  then  place  military  activities  in  a  vulnerable  state,  pos¬ 
sibly  affecting  the  type  and  intensity  of  training  that  would  take  place  on  an 
installation.  Applicable  laws  and  regulations  can  be  found  at  URL: 

imp:/  /wwwepa.gov/win/law.hlml 

Replicable:  This  indicator  will  be  replaced  by  the  analysis  of  an  installations 
proximity  to  the  too  and  500-Year  Floodplain  once  that  data  is  released  in  its 
entirety  by  FEMA 

Directions:  Download  "flood  risk"  from  the  USEPA  Index  of  Watershed 
Indicators  at  URL:  htip://wnm.epa  eo<.',v.aifiatlas.',(:eo/maplist.Wiiil 

Import  the  data  into  a  GIS  program  and  join  it  with  the  watershed  shapefiles 
to  create  a  GIS  Flood  Risk  indicator  layer. 

Indicator  Measure:  Ranges  were  defined  as  estimated  number  of  people 
within  the  500-year  floodplain.  The  flood  vulnerability  was  grouped  into  the 
following  classifications  based  on  definitions  created  by  the  USEPA: 


Very  Low  Vulnerability 

(1): 

Low  Flood  Vulnerability  (defined  by 
USEPA  as  less  than  20,000  people) 

Low  Vulnerability 

(2): 

Not  Applicable 

Moderate  Vulnerability 

(3): 

Average  Flood  Vulnerability  (defined  by 
USEPA  as  20,000  to  200,000  people) 

Vulnerable 

(4): 

Not  Applicable 

High  Vulnerability 

(5): 

High  Flood  Vulnerability  (defined  by 
USEPA  as  greater  than  200,000  people 

A  complete  explanation  of  the  USEPA  ranges  (USEPA  1997)  is  available  at 
URL: 

hnpi/'ww.epa.Mv/wateratlas/Eeo/nuplist-htnil 

Note,  no  data  available  for  Alaska  or  Hawaii. 

Rules:  No  rules  necessary—  HU C  4  classifications  are  assigned  to 
the  HUC  8  level. 

Indicator:  TES  Richness  (All) 

Variable:  ESA  "Endangered,"  "Threatened,"  "Proposed,"  and  “Candidate" 
Species;  The  Nature  Conservancy  Gi  (critically  imperiled)  and  G2  (imperiled) 
Species 


Scale:  Watershed,  HUC  8 
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Year:  2005 
Data  Source: 

Bak.  J.  M..  S.  Sekscicnski.  and  B.  Woodson.  3002.  FYxooo  Survey  of  Threatened  and 

Endangered  Species  on  Army  Lunds.  U-S.  Array  Environmental  Center.  Aberdeen 

Proving  Ground.  MD, 

imo://clienls.fniainc.<oni/navtac/ 

Sikes  Act.  1960. 16  United  States  C«xle  (USC)  6703-6700. 74  Stat.  1053, 
http:/ /  l^s.fos.eov’iaft'sdieesv  sikes-html 

U.S.  Endangered  Species  Act.  1973.  ifa  USC  1531-1544,  87  Stat  884. 

U.S.  Department  ol  Defense,  and  U.S.  Fish  and  Wildlife  Service.  U.S.  Department  of  the 

Interior.  2002.  Integrated  Natural  Resources  Management  Plans.  Washington.  DC. 
hnp:.’',er>(laneereil.tws.eoi/DOD.Inrmp.pdt 

U.S.  Fish  and  Wildlife  Service.  U.S.  Department  of  the  Interior.  2005.  Vireatened  and 

Endangered  Species  System.  The  endangered  species  program.  Washington,  DC 

(Species  Information), 

hnp:.'7enrianEefefl.fws.eo> 

NatureServe.  NatureServe  centralized  database.  2005.  Arlington.  VA 
http://»v<i>j)aniiesene.orE/e»plorer/infle«.htm 

Logic:  This  indicator  characterizes  the  degree  of  relative  stress  that  a 
watershed  may  he  currently  experiencing  from  a  variety  of  sources,  including 
habitat  loss,  pollution,  predation,  and  disease  by  counting  the  number  of 
“endangered,"  "threatened,"  “proposed,"  “candidate,"  Gi,  and  G2  species 
within  a  watershed. 

The  presence  of  TES  Is  highly  sought  after  as  a  sustainability  indicator,  since 
it  may  possibly  put  limitations  on  certain  land  use  actions,  military  or  other¬ 
wise,  in  time  or  in  space.  The  presence  of  TES  may  also  possibly  indicate  wa¬ 
ter  and  habitat  vulnerabilities.  Changes  in  water  supplies  and  qualities,  small 
or  large,  will  often  significanlly  impact  species  viability.  The  sustainability  se¬ 
verity'  or  type  of  limitations  (e.g.,  restrictions,  reductions,  or  change  of  train¬ 
ing)  resulting  from  the  presence  of  TES  varies  greatly  with  the  species  and  lo¬ 
cation.  However,  for  screening  purposes,  it  is  practical  to  characterize  regions 
with  a  greater  presence  of  TES  as  more  vulnerable  to  changing  water  supplies 
and  quantities  and  to  legal  and  other  requirements  regarding  the  conserva¬ 
tion  and  management  of  those  species—  possibly  affecting  the  type  and  inten¬ 
sity'  of  training  that  would  take  place  on  an  installation  (USDOD  et  al.  2002). 

Replicable:  This  information  could  be  replicated  annually  based  on  updates 
from  the  United  States  Fish  and  Wildlife  Service,  Endangered  Species  Pro- 
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gram  and  Nature  Serve  (2005).  However,  changes  in  numbers  can  be  antici¬ 
pated  to  be  relatively  small  and  replication  ever)'  year  should  not  be  univer¬ 
sally  necessary. 


Directions:  Use  the  NatureServe  Explorer:  imp./  .■*vw.nanif^rre.org/e»p[o<ei/ mdeihtm 
to  download  the  number  of  “endangered,"  “threatened,”  “proposed,"  “candi¬ 
date,"  Gi,  and  G2  species  by  watershed.  Or,  contact  NatureServe  directly  to 
compile  the  requested  datasets.  Import  the  resulting  data  into  a  CIS  program 
and  join  it  with  HUC  8  watershed  boundary  files  to  create  a  TES  Richness  in¬ 
dicator  layer. 

Indicator  Measure:  This  indicator  measures  the  quantity  of  TES  species 
("endangered,"  "threatened,"  "proposed,"  “candidate,"  Gi  and/or  G2)  present 
within  a  watershed.  The  existence  of  TES  species  means  consultation  with 
USPYVS  or  the  National  Marine  Fisheries  Service  (NMFS)  is  necessary  to  en¬ 
sure  actions  are  not  likely  to  jeopardize  the  continued  existence  of  any  TES  or 
result  in  the  destruction  or  adverse  modifications  of  critical  habitat.  Whether 
or  not  TES  presence  is  a  result  of  water  supply/quality  conditions  or  impacts 
mission  activities  requires  further  investigation.  The  relationship  between 
number  of  species  and  current  or  potential  sustainability  issues  is  often  un¬ 
clear-making  it  difficult  to  apply  criteria  based  on  number  of  present  species 
without  specific  knowledge  of  species  or  training  information.  Because  of  this 
concent,  it  is  important  to  use  local  knowledge  in  interpreting  this  indicator. 


The  number  of  TES  species  per  watershed  was  classified  as  follows  using 
thresholds  defined  by  NatureServe: 


Very  Low  Vulnerability  (1) 
Low  Vulnerability  (2^ 
Moderate  Vulnerability  (3^ 
Vulnerable  (4] 

High  Vulnerability  (5] 


o  -  5  TES  species 
6-12  TES  species 
13  -  24  TES  species 
25  -  50  TES  species 
51  or  more  TES  species 


Note  Missing  Data:  Species  data  at  the  watershed  scale  was  not  available 
for  Massachusetts  and  New  Hampshire  for  this  analysis.  Additionally,  The 
Nature  Conservancy  collects  species  occurrence  data  from  local  Natural  Heri¬ 
tage  Programs  across  the  United  States.  It  is  important  to  note  that  the  fol¬ 
lowing  Nature  Conservancy  data  is  missing  in  the  NatureServe  Central  Data¬ 
bases  and  the  dataset  used  for  this  analysis: 

•  Most  Washington  animal  data.  With  the  exception  of  some  select  species, 
animal  data  in  Washington  is  tracked  by  an  agency  outside  the  Washing- 
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ton  Natural  Heritage  Program  and  the  methodology  of  that  animal  loca¬ 
tion  data  is  not  currently  compatible  with  Heritage  EO  Methodology. 

•  Alaska  animal  data.  NatureServe  is  unable  to  provide  Alaska  animal  data 
until  they  complete  their  next  data  exchange  with  their  Heritage  program 
in  the  coming  year. 

•  Arizona  data.  NatureServe  does  not  currently  store  the  coordinates  for 
Arizona  species  location  data  in  their  Central  Database.  The  crosstab  tal¬ 
lies  for  watersheds  that  intersect  with  Arizona  do  not  include  counts  of 
species  locations  within  the  state  of  Arizona. 

Note  Category  Definitions:  The  U.S.  Endangered  Species  Act  (ESA)  en¬ 
acted  in  1973  recognized  two  principal  status  categories,  "endangered"  and 
“threatened."  As  defined  in  the  act,  endangered  refers  to  species  that  are  "in 
danger  of  extinction  within  the  foreseeable  future  throughout  all  or  a  signifi¬ 
cant  portion  of  its  range,"  while  threatened  refers  to  “those  animals  and 
plants  likely  to  become  endangered  within  the  foreseeable  future  throughout 
all  or  a  significant  portion  of  their  ranges."  As  a  part  of  the  lusting  process,  two 
additional  categories  exist,  "proposed"  and  "candidate"  species.  "Proposed" 
species  are  those  for  which  listing  rules  have  been  published  in  the  Federal 
Register,  but  formal  lusting  still  awaits  administrative  action.  “Candidate" 
species  are  those  for  which  the  implementing  agency  (either  the  USFVVS  or 
the  NMFS)  has  sufficient  information  about  vulnerability  and  threats  to  sup¬ 
port  listing. 

Furthermore,  The  Nature  Conservancy  has  established  the  NatureServe  con¬ 
servation  status  ranks.  Here  the  conservation  status  of  a  species  or  commu¬ 
nity  is  designated  by  a  number  from  1  to  5,  preceded  by  a  letter  reflecting  the 
appropriate  geographic  scale  of  the  assessment  (G=Global,  N=National,  and 
S=Subnational).  The  numbers  have  the  following  meaning:  i=critically  imper¬ 
iled;  2=imperiled;  3=vulnerable  to  extirpation  or  extinction;  4=apparently 
secure;  and  5=demonstrably  widespread,  abundant,  and  secure.  For  example, 
Gi  would  indicate  that  a  species  is  critically  imperiled  across  its  entire  range 
(i.e.,  globally).  In  thus  sense,  the  species  as  a  whole  is  regarded  as  being  at  very 
high  risk  of  extinction.  A  rank  of  S3  would  indicate  the  species  is  vulnerable 
and  at  moderate  risk  within  a  particular  state  or  province,  even  though  it  may 
be  more  secure  elsewhere. 

Criteria  in  assessing  conservation  status  for  both  systems  include:  occurrence, 
condition,  population  size,  area  of  occupancy,  range,  trends,  threats,  fragility, 
and  protected  occurrences.  The  ESA  or  The  Nature  Conservancy  listings  en- 
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sues  cooperation  with  Federal  agencies  for  the  planning,  management,  and 
maintenance  of  fish  and  wildlife  populations  and  their  associated  habitat. 

Rules:  No  rules  necessary  for  reluting  data  to  the  HUC  8  watershed 
level. 

Indicator:  TES  Hotspot  (A12) 

Variable :  Presence  of  Species,  The  Nature  Conservancy  Rarity- Weighted  In¬ 
dex 

Scale:  Watershed,  HUC  8 
Year:  2005 
Data  Source: 

Bak.  J.  M.,  S.  Sekscienski.  and  B.  Woodson.  20112-  FYsooo  Survey  of  Threotenetl  and 

Endangered  Species  on  Army  Lunds.  US.  Army  Environmental  Center.  Aberdeen 

Proving  Ground,  MD, 

hnp://clients.emainc.com.'navlac/ 

Nuiuie  Conservancy.  The.  2003.  Bruce  A.  Stein.  Lynn  S.  Kutnet.  and  Jonathan  S.  Adams  (eds.) 

Precious  Heritage  The  Sumo  of  Biodiversity  in  the  Untied  States.  Oxford  University  Press. 

Sikes  Act.  i960. 16  USC  67oa-67«o,  74  Slat.  105a, 
http:/ /  laws-fos-gov'iaftsdieesv  sikes.html 

U.S.  Endangered  Species  Act.  1973. 16  CSC  1531-1544.  87  Slat  884. 

U.S.  Department  ol  Defense.  U.S.  Fish  and  Wildlife  Service,  and  Ui>.  Department  of  the 

Interior.  2002.  Integrated  Natural  Resources  Management  Plans.  Washington.  DC, 
http:.'7endaneeretl.fws.eoi'D0D/lnrmp.pdf 

L'.S.  Fish  and  Wildlife  Service,  and  U.S.  Department  of  the  Interior.  2005.  Threatened  and 
Endangered  Species  System.  The  endangered  species  program.  Washington,  DC 
(Species  Information), 
hUp://endangeretl.fw5.Eo» 

Nature  Serve.  NatureServe  centralized  database.  2005.  Arlington,  VA. 
http://wvm.natuie3gr»e-or£/e»ploier/mfle».htm 

Logic:  This  indicator  characterizes  the  degree  of  relative  stress  that  a 
Watershed  may  be  currently  experiencing  from  a  variety  of  sources,  including 
habitat  loss,  pollution,  predation,  and  disease  by  counting  the  number  of 
"rare"  species  within  a  watershed.  The  logic  behind  TES  Hotspots  is  that  a 
watershed  assumes  increased  conservation  significance  if  a  number  of  species 
occur  only  in  that  watershed,  since  protection  of  these  unique  species  cannot 
be  accomplished  elsewhere.  At  least  with  regard  to  those  species,  the 
watershed  is  “irreplaceable"  from  a  conservation  perspective.  On  the  other 
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“irreplaceable"  from  a  conservation  perspective.  On  the  other  hand,  if  a  wa¬ 
tershed  contains  a  high  diversity  of  species,  all  of  which  can  be  found  in  other 
watersheds  as  well,  that  watershed  would  not  be  irreplaceable  to  the  protec¬ 
tion  of  those  species  (although  it  might  still  be  extremely  important  in  their 
conservation).  Employing  this  concept  of  irreplaceably,  two  watershed  with 
the  same  number  of  imperiled  species  may  differ  considerably  in  their  con¬ 
servation  significance.  This  approach  has  been  characterized  as  the  "rarity- 
weighted  richness  index"  by  The  Nature  Conservancy.  Rarity  in  this  context 
refers  to  species  with  restricted  distributions. 

Identification  of  relatively  rare  species  is  highly  sought  after  as  a  sustainabil¬ 
ity  indicator  due  to  the  possible  limitations  rare  species  may  put  on  certain 
land  use  actions,  military  or  otherwise,  in  time  or  in  space.  The  severity  or 
type  of  limitations  resulting  from  the  presence  of  rare  species,  however,  varies 
greatly  with  the  species  and  location.  For  example,  one  region  may  house  a 
regionally  rare  species,  of  which  the  presence  has  resulted  in  significant  re¬ 
strictions  on  water  supplies,  water  quality,  and/or  military  training.  Another 
region  may  house  a  differing  regionally  rare  species,  of  which  the  presence 
has  no  direct  impacts  on  water  or  military  missions.  It  is  not  guaranteed  that 
a  region  with  one  or  more  rare  species  will  significantly  increase  regulatory’ 
restrictions.  Nor  is  it  guaranteed  that  a  region  with  multiple  rare  species  will 
experience  increased  regulatory  restrictions  compared  to  a  region  with  a  sin¬ 
gle  rare  species.  However,  for  screening  purposes,  it  is  practical  to  character¬ 
ize  regions  with  a  greater  presence  of  rare  species  as  more  vulnerable  to  water 
and  mission  sustainability  requirements  (USDOD  et  al.  2002). 

Replicable:  This  information  could  be  replicated  annually  based  on  updates 
from  the  United  States  Fish  and  Wildlife  Sendee,  Endangered  Species  Pro¬ 
gram  and  Nature  Serve  (2005).  However,  changes  in  numbers  can  be  antici¬ 
pated  to  be  relatively  small  and  replication  every  year  should  not  be  univer¬ 
sally  necessary. 

Directions:  Access  NatureServe:  inio:/'«w/..naimesfr<e.oig,,e«oiofer/inde».nim  to 
download  species  by  watershed.  Or,  contact  NatureServe  directly  to  compile 
the  requested  datasets.  Calculate  rarity-weighted  richness  index  (RWRI)  by 
first  assigning  a  score— or  weight— based  on  the  inverse  of  the  number  of  wa¬ 
tersheds  in  which  it  occurs.  For  instance,  if  a  species  is  found  in  only  a  single 
watershed,  that  species  receives  the  maximum  possible  score  of  1/1  or  1.0.  The 
score  for  a  species  that  occurs  in  20  watersheds  would  be  1/20  or  0.05.  The 
individual  scores  of  all  species  in  a  watershed  are  then  summed  to  yield  a  rari- 
tyweighted  index  for  the  watershed.  This  can  be  expressed  mathematically  as: 
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RWRI  £|  /h, 

i-i 


where: 

h.  =  the  number  of  watershed  that  species  I  occupies 
n  =  the  number  of  species  found  within  a  watershed. 

In  the  case  of  a  watershed  containing  two  species,  one  of  which  is  restricted  to 
that  watershed  and  the  other  occurs  in  19  other  watersheds,  the  RWR1  for  the 
watershed  would  equal  1.05.  This  score  may  he  thought  of  as  the  watershed's 
index  of  irreplaceability. 

Import  the  resulting  data  into  a  GIS  program  and  join  it  with  HUC  8  water¬ 
shed  boundary  files  to  create  a  TES  Hotspots  indicator  layer. 

Indicator  Measure:  This  indicator  measures  the  quantity  of  species  with 
restricted  distributions  present  within  a  watershed.  This  'rarity-weighted  rich¬ 
ness'  approach  tends  to  favor  the  identification  of  hotspot  clusters  that  repre¬ 
sent  concentrations  of  limited-range  species,  and  high  turnover  species 
between  adjacent  watersheds.  As  previously  discussed,  whether  or  not  a  TES 
hotspot  impacts  water  and  mission  sustainment  activities  requires  further  in¬ 
vestigation.  Because  of  this  concern,  it  Is  important  to  use  local  knowledge  in 
interpreting  this  indicator. 

The  number  of  restricted  distribution  species  per  watershed  was  statistically 
classified  around  the  average  (1.8252  RWRI): 


Very  Low  Vulnerability 

(1): 

O  RWRI 

Low  Vulnerability 

(2): 

>0  -  O.3503  RWRI 

Moderate  Vulnerability 

(3): 

>0.3506  -  <=1.9211  RWRI 

Vulnerable 

(4): 

>1.9211-  <=8  RWRI 

High  Vulnerability 

(5): 

>8  RWRI. 

Note  Missing  Data:  Species  data  at  the  watershed  scale  was  not  available 
for  Massachusetts  and  New  Hampshire  for  this  analysis.  Additionally,  The 
Nature  Conservancy  collects  species  occurrence  data  from  local  Natural  Heri¬ 
tage  Programs  across  the  United  States.  It  is  important  to  note  that  the  fol¬ 
lowing  Nature  Conservancy  data  is  missing  in  the  NatureServe  Central  Data¬ 
bases  and  the  dataset  used  for  this  analysis: 


Most  Washington  animal  data:  With  the  exception  of  some  select  species, 
animal  data  in  Washington  is  tracked  by  an  agency  outside  the  Washing- 
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ton  Natural  Heritage  Program  and  the  methodology  of  that  animal  loca¬ 
tion  data  is  not  currently  compatible  with  Heritage  EO  Methodology. 

•  Alaska  animal  data:  NatureServe  is  unable  to  provide  Alaska  animal  data 
until  they  complete  their  next  data  exchange  with  their  Heritage  program 
in  the  coming  year. 

•  Arizona  data:  NatureServe  does  not  currently  store  the  coordinates  for 
Arizona  species  location  data  in  their  Central  Database.  The  crosstab  tal¬ 
lies  for  watersheds  that  intersect  with  Arizona  do  not  include  counts  of 
species  locations  within  the  state  of  Arizona. 

Rules:  No  rules  necessary  for  relating  data  to  the  HUC  8  watershed  level. 

Indicator  Criteria  Pollutant  Non-Attainment  (A13) 

Variables:  Six  Principal  Air  Pollutants  (also  referred  to  as  criteria  pollutants): 
Nitrogen  Dioxide  (NO;),  Ozone  (0:|),  Sulfur  Dioxide  (SO;),  Particulate  Matter 
(PM),  Carbon  Monoxide  (CO),  and  Lead  (Pb) 

Scale:  County 

Year:  2007 

Data  Sources: 

USEPA.  2007.  Green  Book  Non-Attainment  Areas  for  Criteria  Pollutants.  (Non-attainment 
Status  lor  Each  County  by  Year).  Office  of  Air  and  Radiation/Offke  of  Air  Quality 
Planning  and  Standards.  Washington.  DC, 
http:'/»v«w.epa.eov/cai/oaqps./greenOk/ana>.ritml 

USEPA.  2004.  The  Particle  Pollution  Report:  Current  Understanding  of  Air  Quality  and 
Emissions  through  2003.  Office  of  Air  Quality  Planning  and  Standards.  Emissions, 
Monitoring,  and  Analysis  Division.  Washington,  DC. 
http:/  /wrtw.epa.eov'alitrends/ 

Logic:  The  Clean  Air  Act  provides  the  principal  framework  for  national, 
state,  tribal,  and  local  efforts  to  protect  air  quality.  Under  the  Clean  Air  Act, 
USEPA  establishes  air  quality  standards  to  protect  public  health  by  setting 
National  Attainment  Air  Quality  Standards  (NAAQS)  for  the  six  principal  pol¬ 
lutants  that  are  considered  harmful  to  public  health  and  the  environment:  ni¬ 
trogen  dioxide  (NO;),  ozone  (O3),  sulfur  dioxide  (SO;),  particulate  matter 
(PM),  CO,  and  lead  (Pb),  and  ensures  that  these  air  quality  standards  are  met. 
USEPA  tracks  trends  in  air  quality  based  on  actual  measurements  of  pollutant 
concentrations  in  the  ambient  (outside)  air  at  monitoring  sites  across  the 
country.  Slate,  tribal,  and  local  government  agencies  and  also  some  Federal 
agencies,  including  the  USEPA,  operate  monitoring  stations. 
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Air  quality  is  important  to  both  water  sustainability  and  military  operations. 
Being  located  in  a  non-attainment  zone  is  a  strong  indicator  that  the  military 
may  face  restrictions  on  the  amounts  of  certain  emissions  they  can  release 
(including  mobility  emissions)  as  part  of  the  region's  plan  for  coming  into  at¬ 
tainment.  It  may  also  be  a  strong  indicator  of  water  supply  and  quality  vul¬ 
nerabilities.  For  example,  as  water  supplies  diminish  so  may  plant  species 
critical  to  filtering  air  pollutants. 

Information  concerning  what  affects  each  criterion  is  available  from  the 
USEPA  at  ntp:/ywM».epa.eov .  Moreover,  each  criterion  is  vulnerable  to  change. 
Thus,  the  data  should  be  updated  regularly  and  the  age  of  the  data  should  be 
carefully  noted  in  any  analysis.  Additionally,  the  data  reflects  county  level 
data  where  different  values  are  reported  for  the  same  county  in  the  same  year 
in  some  cases.  Thus,  knowledge  of  the  local  area  and  its  efforts  need  to  be 
considered  especially  in  large  acreage  counties. 

Replicable:  Each  year  USEPA  examines  changes  in  levels  of  these  ambient 
pollutants  and  their  precursor  emissions.  This  indicator  could  be  replicated 
annually  based  on  USEPA  updates. 

Directions:  Download  Non-Attainment  Status  for  Each  County  by  Year  for 
all  U.S.  counties  from  the  USEPA  Green  Book  at 

http://www.epa.gov/air/oaqps/greenbk/anay.html  (USEPA  2007).  Import 
the  Classification  data  into  a  GIS  program  and  join  it  with  county  boundary 
files  to  create  a  Criteria  Pollutant  Non-Attainment  indicator  layer. 


Indicator  Measure:  Emission  status  indicates  whether  or  not  a  U.S.  County  is 
in  attainment  of  USEPA  air  quality  emission  standards  for  the  six  criteria  pol¬ 
lutants.  The  USEPA  designates  a  classification  rating  for  each  criteria  depend¬ 
ing  on  the  non-attainment  status— extreme,  severe,  serious,  moderate,  mar¬ 
ginal.  primary,  subpart  1,  and  section  185A  (USEPA  2007).  Different  values 
may  be  reported  for  the  same  county  in  the  same  year  in  some  cases.  In  this 
case,  the  worst  value  is  indicated  (USEPA  200.1).  The  emission  ratings  were 
grouped  into  the  following  classifications: 


Very  Low  Vulnerability  (1) 
Low  Vulnerability  (2' 
Moderate  Vulnerability  (3] 
Vulnerable  (4 

High  Vulnerability  (5) 


Attainment 

Primary  Violations 

Marginal  and  Moderate  Violations 

Serious  and  Severe  Violations 

Non-attainment  and  Extreme  Violations. 


Rules:  Watersheds  often  cover  two  or  more  counties.  Therefore,  watershed 
classifications  are  determined  by  the  highest  vulnerability  rating  present 
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within  the  watershed. 

Indicator  Water  Quality  (A14) 

Variables:  Waters  meeting  designated  uses,  Source  water  condition  for 
drinking  water  systems.  Fish  &  wildlife  consumption  advisories,  Indicators  of 
source  water  condition.  Contaminated  sediments,  Ambient  water  quality1  - 
toxics,  Water  quality  -  conventional.  Wetlands  loss,  Aquatic  and  wetlands 
species  at  risk,  Loads  over  limits  -  toxics,  over  limits  -  conventional,  Urban 
runoff  potential,  Agriculture  runoff  potential,  Population  change.  Hydrologic 
modification  caused  by  dams.  Estuarine  pollution  susceptibility',  Deposition 

Scale:  Watershed,  HUC  8 

Year:  1999 

Data  Source: 

USEPA  1997.  The  Index  0/  Watershed  Indicators,  EPA-84i-R-97-aia.  Office  of  Water, 
Washington,  DC. 

http:/  .•'nw.eDa.Mv/wateralas/  geo/  ir-apllsttnml 

USEPA  1999.  EPA  Overall  Watershed  Characterization:  September  J999 IWI  Release. 
Ottice  of  Water,  Washington.  DC, 
http://tw«.epa.£ov'lwil  1999sept/catalog.html 

Logic:  The  Index  of  Watershed  Indicators  (IWI)  characterizes  the  condition 
and  vulnerability  of  aquatic  systems  in  each  of  the  2,262  watersheds  in  the  50 
states  and  Puerto  Rico  (USEPA  1999).  This  involves  an  assessment  of  condi¬ 
tion,  vulnerability,  and  data  sufficiency.  All  variables  taken  into  consideration 
are  strong  indicators  of  pressures  in  the  future  on  water  quality  and  vulner¬ 
ability,  leading  to  greater  demands  and  risks  to  water  supplies  (USEPA  1999). 
This  would  then  place  the  military  installation  in  a  vulnerable  state,  possibly 
affecting  the  type  and  intensity  of  training  that  would  take  place  on  the  instal¬ 
lation.  (Supplementary  applicable  laws  and  regulations,  available  through 
URL:  ntip://w«.epaeov/.>in/iaw.himi 

A  watershed  is  the  area  of  land  where  all  of  the  water  that  is  under  it  or  drains 
off  of  it  is  routed  to  a  specific  waterway.  Watersheds  are  delineated  by  USGS 
using  a  nationwide  system  based  on  surface  hydrologic  features.  This  system 
divides  the  country  into  21  regions,  222  subregions.  352  accounting  units,  and 
2,262  cataloguing  units.  An  HUC  consisting  of  two  digits  for  each  level  in  the 
hydrologic  unit  system  is  used  to  identify’  any  hydrologic  area.  The  6-digit  ac¬ 
counting  units  and  the  8-digit  cataloguing  units  are  generally  referred  to  as 
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basin  and  sub-basin.  There  are  many  states  that  have  defined  down  to  16-digit 
HUCs  (USEPA  1997). 

Replicable:  This  indicator  could  be  replicated  ever)'  2-4  years  based  on 
Regional  inputs  and  monitoring  programs.  The  Index  of  Watershed 
Indicators  results  are  bused  on  monitoring  programs  established  within 
USEPA  Regions;  monitoring  programs  vary  across  the  country  (USEPA  1999). 
Areas  with  strong  monitoring  programs  may  show  more  problems  than  those 
with  weaker  programs  and  replicability  of  these  indicators  depends  heavily  on 
current  and  future  monitoring  programs. 

Directions:  Download  “water  quality"  from  the  USEPA  Overall  Watershed 
Characterization:  September  7999  IWI  Release  (USEPA  1999),  available 

through  URL:  http:/  Wrt.epa.eo.. iw/  1999se pi/catalog.tiunl 

Import  the  data  into  a  CHS  program  and  join  it  with  the  watershed  shape  files 
to  create  a  GIS  Water  Quality  indicator  layer. 

Indicator  Measure:  This  map  combines  17  disparate  data  layers  as  listed 
above;  layers  were  weighted  and  then  combined  by  the  USEPA.  The  approach 
taken  by  the  USEPA  (1999)  can  be  found  at: 

l\np://oasmib.gpaj!ov/eim5/cllrenUplrepon?D  <le»d-9996&o  chk-9186 


Indicators  of  the  condition  of  the  watershed  were  scored  and  assigned  to  one 
of  three  categories:  better  water  quality,  water  quality  with  less  serious  prob¬ 
lems,  and  water  quality  with  more  serious  problems  (USEPA  1999).  It  is  im¬ 
portant  to  note  that  the  strength  of  monitoring  programs  varies  across  the 
country  and  is  reflected  in  the  map.  Areas  with  strong  monitoring  programs 
may  show  more  problems  than  those  with  weaker  programs.  The  water  qual¬ 
ity  IWI  ratings  were  defined  as  follows  by  the  USEPA  (1999): 


Very  Low  Vulnerability  ( 1 ) 
Low  Vulnerability  (2) 
Moderate  Vulnerability  (3) 
Vulnerable  (4) 

High  Vulnerability  (5) 


Good  Water  Quality 

Better  Water  Quality 

Less  Serious  Water  Quality  Problems 

More  Serious  Water  Quality  Problems 

Serious  Water  Quality  Problems 


Note,  no  data  available  for  Alaska  or  Hawaii. 


Rules:  No  rules  necessary  for  relating  data  to  the  HUG  8  watershed  level. 
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Sustainability  Issue:  Water  Demand 

Indicator  Total  Withdrawals  (D1) 

Variables:  Total  Withdrawals  (groundwater  and  surface  water,  all  uses), 
gal/year 

Scale:  County 

Year:  2000 

Data  Sources: 

USGS.  (2002).  Estimated  Use  of  Water  in  the  United  States  in  2000.  U.S.  De¬ 
partment  of  the  Interior:  imp:/ / »ate>. usps.go>'/  watuse/ 

Logic:  Groundwater  depletion  is  a  measure  of  groundwater  withdrawals. 
Groundwater  withdrawals  can  affect  both  ground  and  surface  water  supplies 
and  quality.  Intensive  withdrawals  have  led  to  cases  where  wells,  springs,  and 
wetlands  have  gone  dry;  lake  levels  have  dropped;  steam  flow  hits  been  re¬ 
duced  with  great  harm  to  wildlife;  and  contamination  has  prevented  installa¬ 
tion  of  new  wells. 

Excessive  groundwater  withdrawals  suggest  that  increased  groundwater  use 
may  not  be  a  viable  adaptation  to  changes  in  surface  water  supply  or  increases 
in  water  demand  (B.  Hurd  et  al.  1999).  The  drop  in  the  water  table  known  as 
groundwater  mining  is  one  problem.  It  occurs  when  water  is  withdrawn  from 
an  aquifer  more  rapidly  than  it  is  replenished.  As  the  water  table  drops,  water 
pumping  costs  increase.  Eventually,  the  users  run  out  of  water.  Extensive 
groundwater  mining  also  may  cause  subsidence,  a  lowering  of  the  land  sur¬ 
face.  Subsidence  occurs  when  the  removal  of  water  levels  underground  spaces 
that  collapse  or  when  underlying  clay  shrinks  from  lack  of  moisture.  The  re¬ 
sult  looks  like  a  cone  of  depression  on  the  land.  Lowered  w'ater  tables  can  also 
lead  to  greater  contamination  of  groundwater.  The  reduction  in  surface  water 
lowers  the  ability  of  a  region’s  waterways  to  filter  pollutants  from  water  before 
it  fiows  in  to  recharge  an  aquifer.  Average  groundwater  withdrawals  in  excess 
of  natural  base  flows  indicate  an  unsustainable  rate  of  groundwater  use. 

Replicable:  This  indicator  could  be  replicated  ever)-  5  years  based  on  USGS 
updates. 


Directions:  Download  "2000  data  for  counties"  from  the  USGS  Water  Use  in 
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the  United  Slates  (USGS  2000).  available  through  URL: 
imp:// walef-usgs.gov/watuse/ 


Import  the  total  withdrawals  data  into  a  GIS  program  joined  with  the  county 
shapefile  to  create  a  Total  Withdrawals  indicator  layer. 


Indicator  Measure:  This  indicator  identifies  areas  of  high  water  demand.  The 
total  withdrawal  ratings  were  defined  as  follows  around  the  statistical  mean 
(35.45i.o64)  and  standard  deviation  (177,860,039): 


Very  Low  Vulnerability  (1) 
Low  Vulnerability  (2^ 
Moderate  Vulnerability  (3] 
Vulnerable  (4) 

High  Vulnerability  (5) 


<17.725.53-  gal/yr 
17,725.532  -  35.45i.064  gal/.vr 
35,45i.o64  -  213,311,103  gal/yr 
213,311,103  -  231,036,635  gal/yr 
>231,036.635  gal/yr. 


Rules:  Watersheds  often  cover  two  or  more  counties.  Therefore,  watershed 
classifications  are  determined  by  a  weighted  average.  The  weighted  average 
calculation  determines  what  percentage  of  the  watershed  is  in  each  county 
and  multiplies  that  percentage  for  each  county  by  that  county’s  classification 
value.  Those  values  for  each  region  of  the  watershed  are  then  totaled  to  arrive 
at  a  value  for  the  watershed.  This  value  is  subjected  to  the  same  ranking  met¬ 
ric  that  determined  the  classifications  for  the  individual  counties. 


Indicator:  Consumption  Rate  (D2) 

Variables:  Total  public  supply  per  capita  consumption  rate  (Mgal/d) 


Scale:  County 


Year:  1995-2000 
Data  Sources: 

USGS.  2002.  Estimated  use  ol  water  in  the  United  States  in  2000.  UA  Department  of  the 
Interior,  Washington,  DC. 
http://watef.usgs.eov/watuse/ 

USGS.  1995.  Estimated  use  of  water  in  the  united  states  in  1995.  U.S.  Department  ol  the 
Interior,  Washington,  DC, 
http://watet.usgs.Eov/watuse/ 

Logic:  Public  water  consumption  is  a  measure  of  water  demand.  Growing 
demand  can  affect  both  ground  and  surface  water  supplies  and  quality.  Inten¬ 
sive  withdrawals  have  led  to  cases  where  wells,  springs,  and  wetlands  have 
gone  dry;  lake  levels  have  dropped;  steam  flow  has  been  reduced  with  great 
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harm  to  wildlife;  and  contamination  has  prevented  installation  of  new  wells. 

It  is  particularly  important  for  high  growth  regions  to  reduce  per  capita  con¬ 
sumption  to  avoid  excessive  increases  in  water  withdrawals  and  non-viable 
changes  in  surface  water  supply  (B.  Hurd  et  al.  1999).  The  drop  in  the  water 
table  known  as  groundwater  mining  is  one  problem.  It  occurs  when  water  is 
withdrawn  from  an  aquifer  more  rapidly  than  it  is  replenished.  As  the  water 
table  drops,  water  pumping  costs  increase.  Eventually,  the  users  run  out  of 
water.  Extensive  groundwater  mining  also  may  cause  subsidence,  a  lowering 
of  the  land  surface.  Subsidence  occurs  when  the  removal  of  water  levels  un¬ 
derground  spaces  that  collapse  or  when  underlying  clay  shrinks  from  lack  of 
moisture.  The  result  looks  like  a  cone  of  depression  on  the  land.  Lowered  wa¬ 
ter  tables  can  also  lead  to  greater  contamination  of  water  supplies,  The  reduc¬ 
tion  in  surface  water  lowers  the  ability  of  a  region’s  waterways  to  filter  pollut¬ 
ants  from  water  before  it  llows  in  to  recharge  an  aquifer.  Average  water 
withdrawals  in  excess  of  natural  base  flows  indicate  an  unsustainable  rate  of 
groundwater  use. 

Replicable:  This  indicator  could  be  replicated  every  5  years  based  on  USGS 
updates. 

Directions:  Download  “2000  data  for  counties"  and  '1995  data  for  counties" 
from  the  USGS  Water  Use  in  the  United  States  (USGS  2002),  available 
through  URL:  http:/ /«a'emsgseo».’»atuse/  in  a  spreadsheet  program.  Calculate  the 
percent  change  from  1995  to  2000  total  per  capita  use  from  public  supply: 

IllCoosumpton  Rale  =  (Per  capita  consumption  2000-  Per  capita  consumption  1995|/Per 
capita  consumption  19951-100). 

Import  the  data  into  a  G1S  program  and  join  it  with  the  county  shapefile  to 
create  a  Total  Withdrawals  indicator  layer. 

Indicator  Measure:  This  indicator  measures  areas  of  growing  water  demand. 
The  consumption  ratings  were  defined  as  follows  around  the  statistical  mean 
(9%)  and  standard  deviation  (175): 


Very  Low  Vulnerability 

(1): 

<0% 

Low  Vulnerability 

(2): 

0  -  9% 

Moderate  Vulnerability 

(3): 

9  -  184% 

Vulnerable 

(4): 

184  -  359% 

High  Vulnerability 

(5): 

>359%. 

Rules:  Watersheds  often  cover  two  or  more  counties.  Therefore,  watershed 
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classifications  are  determined  by  a  weighted  average.  The  weighted  average 
calculation  determines  what  percentage  of  the  watershed  is  in  each  county 
and  multiplies  that  percentage  for  each  county  by  that  county’s  classification 
value.  Those  values  for  each  region  of  the  watershed  are  then  totaled  to  arrive 
at  a  value  for  the  watershed.  This  value  is  subjected  to  the  same  ranking  met¬ 
ric  that  determined  the  classifications  for  the  individual  counties. 

Indicator:  Water  for  Energy  Production  (D3) 

Variables:  Thermoelectric  power,  total  withdrawals  (Mgal/day) 

Scale:  County 
Year:  2000 

Data  Sources:  USGS.  (2002).  Estimated  Use  of  Water  in  the  United  States  in 
2000.  U.S.  Department  of  the  Interior:  ntto://aatemies.eo»-/  watuig / 

Logic:  Electric  power  plants  are  among  the  greatest  users  of  water  in  the 
United  States,  especially  in  the  northern  and  eastern  parts  of  the  country.  Wa¬ 
ter  for  thermoelectric  power  is  used  in  generating  electricity  with  steam- 
driven  turbine  generators.  In  2000,  about  195,000  million  gallons  of  water 
each  day  (Mgal/d)  were  used  to  produce  electricity  (excluding  hydroelectric 
power).  Surface  water  was  the  source  for  more  than  99  percent  of  total  ther¬ 
moelectric-power  withdrawals.  In  coastal  areas,  the  use  of  saline  water  in¬ 
stead  of  freshwater  expands  the  overall  available  water  supply.  Saline  with¬ 
drawals  from  surface  water  sources  accounted  for  96  percent  of  the  National 
tolal  saline  withdrawals.  Thermoelectric-power  withdrawals  accounted  for  .|8 
percent  of  total  water  use,  39  percent  of  total  freshwater  withdrawals  for  all 
categories,  and  52  percent  of  fresh  surface-water  withdrawals. 

One  of  the  main  uses  of  water  in  the  power  industry  is  to  cool  the  power- 
producing  equipment.  Water  used  for  this  purpose  does  cool  the  equipment, 
but  at  the  same  time,  the  hot  equipment  heats  up  the  cooling  water.  Overly 
hot  water  cannot  be  released  back  into  the  environment.  It  would  be  detri¬ 
mental  to  fish  downstream  from  a  power  plant  releasing  the  hot  water.  So,  the 
used  water  must  first  be  cooled.  One  way  to  do  this  is  to  build  very  large  cool¬ 
ing  towers  and  to  spray  the  water  inside  the  towers.  Evaporation  occurs  and 
water  is  cooled.  That  is  why  large  power- production  facilities  are  often  located 
near  rivets,  lakes,  and  the  ocean.  Overall,  large  portions  of  the  water  supply 
used  for  power  generation  is  linked  to  unsustainable  withdrawals  of  water  re¬ 


sources. 
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Replicable:  This  indicator  could  be  replicated  ever)'  5  years  based  on  USGS 
updates. 

Directions:  Download  “2000  data  for  counties"  from  the  USGS  Water  Use  in 
the  United  States  (USGS  2002),  available  through  URL: 
http://  waterusg5.gov/watuse/ 

Import  Thermoelectric  power,  total  withdrawals  data  into  a  G1S  program 
and  join  it  with  the  count)'  shapefile  to  create  a  Water  for  Energy  Production 
indicator  layer. 

Indicator  Measure:  This  indicator  measures  areas  where  50  percent  or  more 
of  the  water  withdrawals  go  towards  energy  production.  The  consumption  rat¬ 
ings  were  defined  as  follows: 


Very  Low  Vulnerability 

(1): 

=0% 

Low  Vulnerability 

(2): 

>0  -  25% 

Moderate  Vulnerability 

(3): 

>25  -  50% 

Vulnerable 

(4): 

>50  -  75% 

High  Vulnerability 

(5): 

>75%. 

Rules:  Watersheds  often  cover  two  or  more  counties.  Therefore,  watershed 
classifications  are  determined  by  a  weighted  average.  The  weighted  average 
calculation  determines  what  percentage  of  the  watershed  is  in  each  county 
and  multiplies  that  percentage  for  each  county  by  that  county’s  classification 
value.  Those  values  for  each  region  of  the  watershed  are  then  totaled  to  arrive 
at  a  value  for  the  watershed.  This  value  is  subjected  to  the  same  ranking  met¬ 
ric  that  determined  the  classifications  for  the  individual  counties. 

Indicator:  Regional  Population  Density  (D4) 

Variables:  Population,  Land  Area  (square  mile) 

Scale:  County 
Year:  2007 
Data  Source: 

Bureau  of  the  Census,  U.S.  Department  of  Commerce.  2007.  County  Population  Estimates 
and  Estimated  Components  0/  Change ,  April  1, 2000  to  July  1. 2007.  Population 
Estimates  Program.  Washington,  DC. 
http://are.ee mus-goi/uopest' estimates  flataseipho 
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Bureau  of  the  Census.  U.S.  Department  of  Commerce.  2001.  Summaiy  tile  1:  GCT-PHt-R 

population,  housing  units,  area,  and  density.  American  FaclFinder.  Washington,  DC, 
http://factiinitercensus.gov 

Craig.  John.  1984.  Averaging  population  density.  Demography.  21  (3)1405-412. 
http:/  /  wv«w.tstororg/ 

Logic:  This  indicator  provides  a  measure  of  the  population  density'  for  all  U.S. 
counties.  A  high  regional  population  density  can  have  both  negative  and  posi¬ 
tive  impacts  on  water  and  mission  sustainability  vulnerabilities.  For  example, 
high  density  means  lower  costs  associated  with  the  development  and  mainte¬ 
nance  of  sewer  and  water  lines.  Yet,  higher  density  also  means  greater  con¬ 
centrations  of  pollutants  entering  and  withdrawals  taken  from  water  systems 
at  specific  locations  and  greater  probabilities  for  restrictions  on  military  ac¬ 
tivities.  Thus,  it  is  important  to  understand  the  implications  and  limitation  of 
the  Regional  Population  Density'  indicator. 

For  purposes  of  water  supply,  higher  densities  are  assumed  to  reduce  re¬ 
source  vulnerabilities.  In  other  words,  greater  density  is  viewed  as  lowering 
infrastructure  costs  and  increasing  efficiency.  In  contrast,  sprawling  devel¬ 
opment  patterns  tend  to  require  long  stretches  of  sewer  and  water  lines  with 
intense  pressures  to  move  water  through  the  pipes.  This  is  often  associated 
with  large  energy  costs  and  higher  probabilities  of  water  leaks.  Here,  higher 
densities  are  linked  to  lower  vulnerabilities.  But  because  of  potential  risks  as¬ 
sociated  with  higher  densities,  it  is  important  to  use  local  knowledge  in  inter¬ 
preting  the  Regional  Population  Density  classification.  The  most  important 
idea  is  to  direct  development  to  locations  where  the  environment  can  handle 
it  in  a  way  that  does  not  create  damage  to  surrounding  environments. 

Replicable:  This  indicator  could  be  replicated  every  year  based  on  Census 
population  estimates,  or  every  decade  based  on  actual,  verifiable  counts. 

Directions:  Download  county  population  from  the  U.S.  Census  Bureau, 
County  Population  Estimates  and  Estimated  Components  of  Change.  April  1, 
200U  to  July  1, 2007 , 
http:// elre.census.Eov/oopesI/ estimates  flataselohp 


Download  land  area  from  U.S.  Census  Bureau, 
http://factiiraef.oensus.Eov 
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Import  the  data  into  a  spreadsheet  program  and  divide  the  total  population 
for  each  county  in  the  United  States  by  the  land  area  (not  total  area,  which  in¬ 
cludes  water  bodies)  in  that  county  to  reach  a  population  density  figure: 

(Regional  Population  Density  -  total  population  /  land  area]. 


Import  the  resulting  math  into  a  GIS  program  and  join  it  with  the  county 
shape  files  to  create  a  GIS  Regional  Population  Density  indicator  layer. 


Indicator  Measure:  This  indicator  measures  potential  efficiency  in  water 
supply  systems.  The  average  population  density  for  the  entire  United  States  is 
79.6  people  per  square  mile  according  to  the  2000  U.S.  Census.  The  mean 
density  for  U.S.  counties  is  247  people  per  square  mile.  The  results  were  then 
subjected  to  a  normal  statistical  distribution  (i9%/62%/i9%)  to  determine 
vulnerability  classifications: 


Veiy  Low  Vulnerability  (1) 
Low  Vulnerability  (2) 
Moderate  Vulnerability  (3' 
Vulnerable  (4) 

High  Vulnerability  (5) 


>=2,000  people  per  square  mile 
>=247  -  <2,000  people  per  square  mile 
>=12  -  <247  people  per  square  mile 
>=6  -  <12  people  per  square  mile 
<6  people  per  square  mile. 


Rules:  Watersheds  often  cover  two  or  more  counties.  Therefore,  watershed 
classifications  are  determined  by  a  weighted  average.  The  weighted  average 
calculation  determines  what  percentage  of  the  watershed  is  in  each  county 
and  multiplies  that  percentage  for  each  county  by  that  county's  classification 
value.  Those  values  for  each  region  of  the  watershed  are  then  totaled  to  arrive 
at  a  value  for  the  watershed.  This  value  is  subjected  to  the  same  ranking  met¬ 
ric  that  determined  the  classifications  for  the  individual  counties. 


Indicator:  Rogional  Population  Growth  (D5) 
Variables:  Total  Population  1993  and  2003 


Scale:  County 
Year:  2000  and  2007 


Data  Source: 

Bureau  of  the  Census,  U.S.  Department  of  Commerce,  County  Population  Estimates 
and  Estimated  Comfionents  of  Change.  April  1. 2000  to  July  l.  2007  (Population 
Estimates  Program.  Washington,  DC,  2004). 
nap:./ /elre.census.gov/'pooest/ estimates  daiasaiptip 
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Logic:  This  indicator  measures  the  population  growth  over  the  last  7  years  for 
each  L\S.  county.  Population  growth  is  one  of  the  leading  causes  of  environ¬ 
mental  degradation,  because  more  people  use  more  resources  including  wa¬ 
ter,  energy,  and  waste  disposal,  and  other  problems.  This  indicator  assumes 
that  fast  growing  human  populations  are  less  sustainable— particularly  to  wa¬ 
ter  resources  and  military  mission  related  activities.  The  degree  of  regional 
population  growth  is  a  strong  indicator  of  the  demand  for  services,  access,  re¬ 
sources,  and  land  in  competition  with  the  military  installation.  This  can  affect 
water  availability  and  quality  and  also  the  type  and  intensity  of  training  that 
can  take  place  on  military  facilities. 

Additionally,  it  is  important  to  note  this  data  is  site  specific  and  may  be 
skewed  by  local  "hotspots.”  In  other  words,  if  a  region  (e.g.,  watershed)  has 
one  community  with  relatively  high  regional  population  growth,  the  entire  re¬ 
gion  is  classified  as  high  regional  population  growth  regardless  of  the  charac¬ 
teristics  of  the  remaining  majority  of  the  region.  Because  of  this  concern,  it  is 
important  to  use  local  knowledge  in  inteqireting  the  Regional  Population 
Growth  classifications. 

Replicable:  This  indicator  could  be  replicated  every  year  based  on  U.S.  Census 
Bureau  population  estimates,  or  every  decade  based  on  actual,  verifiable 
counts. 

Directions:  Download  population  for  all  U.S.  counties  for  2000  and  estimates 
for  2007  from  the  U.S.  Census  Bureau  Population  Estimates  Program,  County 
Population  Estimates  and  Estimated  Components  of  Change,  1  April  2000  to 
1  July  2007.  Import  data  into  a  spreadsheet  program  and  calculate  the  2000 
to  2007  population  growth  rate  as  follows: 

Regional  Grornn  Rate  -  {(Population  2007  -  Population  2000)  /Population  2000)*  100. 

Import  the  resulting  math  into  a  G1S  program  and  join  it  with  the  count)' 
shape  files  to  create  a  GIS  Regional  Growth  Rate  indicator  layer. 

Indicator  Measure:  Regional  Growth  Rate  is  a  measure  of  how  fast  a  count)’ 
has  grown  during  the  previous  decade.  The  population  growth  rate  Is  meas¬ 
ured  from  2000  to  2007.  This  data  is  available  from  the  U.S.  Census  at  URL: 
http:// eUe.census.Rov/po  pest/ estimates,  flatasetphp 
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The  data  illustrates  a  count>'  average  growth  rate  of  2.9  percent.  The  results 
were  statistically  classified  based  on  the  mean  and  standard  deviation  (9.3) 
values: 


Very  Low  Vulnerability 

(1): 

>0%  growth 

Low  Vulnerability 

(2): 

0  -  0.5% 

Moderate  Vulnerability 

(3): 

0.5  -  4  %  growth 

Vulnerable 

(4): 

4-8%  growth 

High  Vulnerability 

(5): 

>8%  growth. 

Rules:  Watersheds  often  cover  two  or  more  counties.  Therefore,  watershed 
classifications  are  determined  by  a  weighted  average.  The  weighted  average 
calculation  determines  what  percentage  of  the  watershed  is  in  each  county 
and  multiplies  that  percentage  for  each  county  by  that  county’s  classification 
value.  Those  values  for  each  region  of  the  watershed  are  then  totaled  to  arrive 
at  a  value  for  the  watershed.  This  value  is  subjected  to  the  same  ranking  met¬ 
ric  that  determined  the  classifications  for  the  individual  counties. 

Indicator:  Regional  Population  Projection  (D6) 

Variables:  Total  Population  2000,  Total  Population  Projection  2030 

Scale:  State 

Year:  2000  and  2030 

Data  Source:  Bureau  of  the  Census,  U.S.  Department  of  Commerce.  Population 
Projections. 

Logic:  This  indicator  measures  the  likely  population  count  in  2030  for  each 
U.S.  county.  Population  growth  is  one  of  the  leading  causes  of  environmental 
degradation,  because  more  people  use  more  resources  including  water,  en¬ 
ergy,  and  waste  disposal,  and  other  problems.  This  indicator  assumes  that 
large  human  populations  are  less  sustainable— particularly  to  water  resources 
and  military  mission  related  activities.  The  amount  of  population  within  a  re¬ 
gion  is  a  strong  indicator  of  the  demand  for  services,  access,  resources,  and 
land  in  competition  with  the  both  the  environment  and  military  facilities.  This 
can  affect  water  availability  and  quality  and  also  the  type  and  intensity  of 
training  that  can  take  place  on  military  facilities. 

Additionally,  it  is  important  to  note  this  data  is  collected  at  the  state  level  and 
may  be  both  overly  general.  State  data  may  be  skewed  by  local  "hotspots."  In 
other  words,  if  a  state  has  one  community  with  relatively  high  regional  popu¬ 
lation  growth,  the  entire  region  received  a  higher  classified  regardless  of  the 
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characteristics  of  the  remaining  majority  of  the  state.  Because  of  this  concern, 
it  is  important  to  use  local  knowledge  in  interpreting  the  Regional  Population 
Projection  classifications. 

Replicable:  This  indicator  could  be  replicated  every  decade  based  on  U.S. 
Census  Bureau  population  projections. 

Directions:  Download  population  projection  for  all  U.S.  states  from  the  U.S. 
Census  Bureau.  Import  the  data  into  a  spreadsheet  program  and  calculate 
projected  population  growth  rate  using  2000  population  counts  and  2030 
population  projections: 

(Regional  Population  Projection  Growth  Rate  =  ((Population  2030-Population 
2000)/Population  20001*100). 

Import  the  resulting  math  into  a  GIS  program  and  join  it  with  the  state  shape 
files  to  create  a  GIS  Regional  Population  Projection  indicator  layer. 

Indicator  Measure:  This  indicator  measures  potential  future  regional 
population  concentrations.  Range  classifications  were  based  on  statistical 
analysis  around  the  mean  (31.37  percent  growth)  and  standard  deviation 

Low  Vulnerability  (1):  <0%  growth 
Low  Vulnerability  (2):  o  -  5% 

Moderate  Vulnerability  (3):  5-31% 

Vulnerable  (4):  31  -  58% 

High  Vulnerability  (5):  >58% 

Rules:  Watersheds  often  cover  two  or  more  states.  Therefore,  watershed 
classifications  are  determined  by  a  weighted  average.  The  weighted  average 
calculation  determines  what  percentage  of  the  watershed  is  in  each  state  and 
multiplies  that  percentage  for  each  state  by  that  state’s  classification  value. 
Those  values  for  each  region  of  the  watershed  are  then  totaled  to  arrive  at  a 
value  for  the  watershed.  This  value  is  subjected  to  the  same  ranking  metric 
that  determined  the  classifications  for  the  individual  counties. 

Indicator:  State  Smart  Growth  Plans  (D7) 

Variables:  Presence  of  State  Smart  Growth  Plan 

Scale:  State 


Year:  2002 
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Data  Source: 

American  Planning  Association  (APA),  Planning  for  Smart  Growth:  2002  Slate  of 
the  States  (Smart  Growth  Network,  Chicago,  IL.  2002),  available  through  URL: 
nnp://wwa.plannine.ore/Ernwlngsmart'statf52002.hlm 

Logic:  This  indicator  shows  the  status  of  State  Smart  Growth  Initiatives 
across  the  United  States.  Smart  growth  is  the  planning,  design,  development, 
and  revitalization  of  cities,  towns,  suburbs,  and  rural  areas  to  create  and  pro¬ 
mote  social  equity,  a  sense  of  place  and  community,  and  to  preserve  natural 
and  cultural  resources.  Smart  growth  enhances  ecological  integrity  over  both 
the  short-  and  long-term,  and  improves  quality  of  life  for  all  by  expanding—  in 
a  fiscally  responsible  manner— the  range  of  transportation,  employment,  and 
housing  choices  available  to  a  region  (APA  2002). 

The  presence  of  a  state  smart  growth  plan  is  important  because  smart  growth 
legislation  can  reduce  sprawl  and  decrease  the  growth  of  urbanized  land 
within  a  region.  This  in  turn  decreases  w'ater  resource  and  military  mission 
vulnerabilities.  The  logic  is  that  regions  pursuing  smart  growth  legislation  are 
also  addressing  water  and  mission  sustainability. 

Replicable:  This  indicator  could  be  replicated  regularly  as  long  as  the  APA 
continues  to  monitor  Smart  Growth  (which  is  likely  considering  that  one  of 
the  main  tenants  of  the  APA  currently  is  to  get  smart  growth  passed  in  every 
state).  It  is  recommended  that  this  indicator  be  updated  annually. 

Directions:  APA  constructed  a  map  to  chart  the  progress  of  small  growth 
reform.  That  map  is  available  at  URL: 

hop  V/tmwiUnnlng.&re/enKunesmart/ aates2002.htm 


Import  the  map  data  into  a  GIS  program  state  shapefile  to  create  a  GIS  State 
Smart  Growth  Plans  indicator  layer. 


Indicator  Measure:  Substantial  Reforms  means  that  smart  growth  legislation 
has  been  passed  in  the  state.  Moderate  reforms  or  pursuing  additional  re¬ 
forms  means  that  some  form  of  land  use  law's  resembling  smart  growth  have 
been  passed  or  legislation  has  been  proposed.  No  reforms  mean  that  no  legis¬ 
lation  has  been  passed  or  proposed  (APA  2002): 


Very  Low  Vulnerability  (1) 
Low  Vulnerability  (2) 

Moderate  Vulnerability  (3] 
forms 

Vulnerable  (4): 


Substantial  Reforms 
Not  Applicable 

Moderate  (or  Pursuing  Additional)  Re- 
Not  Applicable 
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High  Vulnerability  (5):  No  Reforms 
Rules:  Watershed  boundaries  do  cross  state  boundaries.  In  this  case,  the 
watershed  takes  on  the  highest  vulnerability  rating  located  within  its 
boundaries. 

Indicator:  Proximity  to  MSA  (D8) 

Variables:  MSA,  Mile  Buffers 

Scale:  National 
Year:  2003 
Data  Source: 

Bureau  of  the  Census,  U.S.  Department  of  Commerce,  About  Metropolitan  and 
Micropolitun  Statistical  Areas  (Office  of  Management  and  Budget,  Washington, 

DC,  2003). 

hno:/w»v». census. &K/pooula!ion/ww/estma!es/atoutme!ro.l'tnii 

Logic:  This  indicator  measures  the  presence  of  an  MSA  in  a  HUC  8 
watershed,  which  indicates  the  potential  for  resource  sustainment 
vulnerabilities.  MSAs  are  a  geographic  entity  designated  by  the  Federal  Office 
of  Management  and  Budget  for  use  by  Federal  statistical  agencies.  An  MSA 
consists  of  one  or  more  counties,  except  in  New  England,  where  MSAs  are 
defined  in  terms  of  county  subdivisions  (primarily  cities  and  towns)  (USDOC, 
Bureau  of  the  Census  2003).  MSAs  are  defined  by  intense  urban 
development.  The  logic  is  that  large  expanses  of  population  centers  are  a 
strong  indicator  of  pressures  on  the  use  and  vulnerability  of  resources. 
Particularly,  water  resources  where  intensive  withdrawals  have  led  to  cases 
where  wells,  springs,  and  wetlands  have  gone  dry;  lake  levels  have  dropped; 
steam  flow  has  been  reduced  with  great  harm  to  wildlife;  and  contamination 
has  prevented  installation  of  new  wells. 

Additionally,  it  is  important  to  note  that  HUC  8  watersheds  are  relatively 
large  areas.  The  likelihood  of  an  MSA  present  within  its  boundaries  is  high. 
Thus,  data  may  be  skewed  local  ‘hotspots.’  In  other  words,  if  a  watershed  has 
contains  a  small  portion  of  an  MSA,  the  entire  watershed  received  an  MSA 
present  classification  regardless  of  the  characteristics  of  the  remaining  major¬ 
ity  of  the  watershed.  Because  of  this  concern,  it  is  important  to  use  local 
knowledge  in  interpreting  the  Proximity  to  MSA  classifications. 

Replicable:  This  indicator  could  be  replicated  ever)'  10  years  based  on  U.S. 
Census  Bureau  population  counts.  Following  each  decadal  census,  the  U.S 
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Census  Bureau  finalized  and  publishes  MSA  classifications. 

Directions:  Download  the  GIS  layer  containing  MSAs  from  the  U.S.  Census 
Bureau.  Import  the  data  into  a  GIS  program  and  create  buffers  at  a  predeter¬ 
mined  distance  from  the  edge  of  each  MSA  to  show  a  level  of  risk. 

Indicator  Measure:  Proximity  to  MSA  is  defined  as  the  distance  from  the 
nearest  MSA.  All  watersheds  with  an  MSA  were  classified  as  highly  vulner¬ 
able,  while  all  watersheds  not  within  an  MSA,  hut  within  20  miles  of  an  MSA 
were  classified  as  moderately  vulnerable.  All  watersheds  outside  of  the  20- 
mile  buffer  were  considered  not  vulnerable.  Proximity  to  MSA  classifications 
were  defined  as  follows: 

Very  Low  Vulnerability  (1):  Areas  greater  than  20  miles  from  any  MSA 
Low  Vulnerability  (2):  Not  Applicable 

Moderate  Vulnerability  (3):  Areas  not  within  an  MSA.  but  within  20 

miles  of  one  or  more  MSAs 

Vulnerable  (4):  Not  Applicable 

High  Vulnerability  (5):  Areas  within  a  designated  MSA 

Rules:  This  indicator  measures  a  watershed's  proximity  to  an  MSA.  If  only 
part  of  a  watershed  is  located  within  an  MSA.  then  that  watershed  takes  on 
the  highly  vulnerable  classification.  The  same  follows  if  a  watershed  straddles 
the  20  mile  buffer— half  of  the  watershed  within  20  miles  the  other  half 
greater  than  20  miles,  the  watershed  takes  on  the  ‘moderate’  vulnerability 
classification. 

Indicator:  Proximity  to  Interstate  (D9) 

Variables:  Interstate  Highways.  Mile  Buffers 
Scale:  National 
Year:  2003 
Data  Sources: 

ESRi.  GIS  Data  Layers,  available  through  URL:  hep: '  .'wnw  esn.ixm 

Logic:  This  indicator  provides  a  measurement  of  the  presence  of  interstate 
highways  within  a  watershed.  The  proximity  of  an  interstate  to  a  watershed  is 
an  indicator  of  availability  of  full  transportation  access,  but  also  an  indicator 
of  development  and  a  gauge  of  the  health  of  natural  resources. 
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Urban  uses  (or  removal  of  natural  land  cover)  change  the  local  water  balance. 
Imperviousness  changes  the  routing  and  timing  for  water  to  reach  a  lake  or 
stream.  Trees,  shrubs  and  grasses  are  natural  land  covers.  They  shelter  the 
soil  surfaces  from  rain,  wind,  and  surface  erosion;  intercept  precipitation;  and 
filter  rainwater.  When  rain  reaches  the  ground,  leaf  litter  and  shallow  roots 
are  there  to  absorb  it  and  recycle  rainwater.  Natural  land  covers  encourage 
the  lateral  movement  of  shallow  infiltrated  precipitation  into  wetlands,  lakes 
and  streams.  Development  of  interstate  highways  requires  the  removal  of 
some  natural  land  cover  to  create  a  reliable  hard  surface.  Unintended  results 
may  include:  removal  of  natural  storage,  retention,  and  recycling  of  precipita¬ 
tion;  significant  increases  in  overland  runoff  into  surface  waters;  decreases  in 
stream  base  flow  and  groundwater  recharge;  widening  or  morphology  of 
stream  channels;  increases  in  floodwater  velocities;  and  increases  in  the  mag¬ 
nitude  and  frequency  of  flooding. 

Replicable:  This  indicator  could  be  replicated  every  year  based  on  updated 
interstate  highway  maps  as  new  construction  occurs. 

Directions:  Obtain  and  open  an  interstates  shapefiles  from  ESRI  in  a  GIS 
program.  Create  “buffers”  around  these  interstates  at  pre-determined  dis¬ 
tances  to  develop  a  Proximity  to  Interstate  indicator  layer. 

Indicator  Measure:  Proximity  to  interstates  is  defined  as  the  distance  from 
the  nearest  interstate  highway.  All  watersheds  within  20  miles  of  an  interstate 
were  considered  to  be  areas  of  development  (high  vulnerability),  while  all  wa¬ 
tersheds  more  than  20  miles,  but  less  than  50  miles  from  an  interstate  were 
considered  to  be  moderately  developed  (moderate  vulnerability).  All  water¬ 
sheds  outside  of  these  buffers  are  considered  undeveloped  (very  low  vulner¬ 
ability).  Proximity  to  Interstate  classifications  are  defined  as  follows: 

Very  low  Vulnerability  (1):  Greater  than  50  miles  from  an  interstate 
Low  Vulnerability  (2):  Not  Applicable 

Moderate  Vulnerability'  (3):  Within  50  miles,  but  greater  than  20  miles 
from  an  interstate 

Vulnerable  (4):  Not  Applicable 

High  Vulnerability  (5):  Within  20  miles  of  an  interstate 

Rules:  This  indicator  rates  watersheds  by  evaluating  its  proximity  to 
interstate  highways.  The  watershed  takes  on  the  highest  vulnerability* 
classification  depending  on  its  proximity  to  an  interstate.  For  instance,  if  an 
watershed  straddles  the  20  mile  buffer— half  of  the  installation  within  20 
miles  the  other  half  greater  than  20  miles,  the  region  resource  takes  on  the 
‘moderate  vulnerability’  classification. 
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Indicator:  Traffic  Volume  (DIO) 

Variables:  Annual  Average  Daily  Traffic  per  Lane  (AADT) 

Scale:  State 
Year:  2006 
Data  Sources: 

Chen,  Ciao,  Zhanfeng  Jia,  and  Pravin  Varaiya,  Causes  and  Cures  of  Highway 
Congestion  (University  of  California  at  Berkeley,  Berkeley.  CA,  2001). 
nnp://paleale.eecs.befkete>-.«lu,,-»-aralya'papeii  ps.dtf/csmpawrta.iKtf 

Federal  Highway  Administration,  L'.S.  Department  of  Transportation,  Highuxiy  Statistics  2001  (Table 
I IM-62,  An- rage  Dully  Traffic  |»*r  Lane  on  Frincipal  Artenals;  Appendix  B.  Methodology  for  2006 
Annual  Report)  (Office  of  Highway  Polity  Information.  Washington.  DC.  2006).  available  thruugli 
URL: 

hnp://www.fhwa.dot.mv/ohlm/n&01/aspublisned/hm62.htm 
htiD:.//niobilitv.tamu.equ/ums',siiiflv.’'metnoqs.'’ entire  metbodo.ogy.Pilf 

Til.  Urban  Mobility  Study  (Appendix  A  Exhibit  A- 17. 2000  Roadway  Congestion  Index)  (Texas  A&M 
University,  College  Station.  T\.  211112),  available  thmugli  URL: 
nnp:.7  mobtttft.tamu.edu/ums/stuqv/apoenga  A/etftlblt  A-17.pdf 

m.  The  Key s  to  Estimating  Mobility  ( Chapter  5:  Recommended  Mobility  Measures)  (Texas  A&M 
University.  College  Statiim.  TX.  2003).  available  llmiugh  URL: 
nnp://moMift.tamu.edu/ums/ estimating  mobtft/aiaitei5.pdf 

Logic:  This  indicator  provides  a  measurement  of  the  congestion  of  the  local 
road  network  in  the  region  surrounding  a  military'  installation  in  terms  of  an¬ 
nual  average  daily  traffic  per  lane.  Traffic  volume  is  an  indicator  of  not  only 
potential  problems  using  the  local  roads,  but  also  of  high  levels  of  develop¬ 
ment.  From  the  military  operations  standpoint,  congestion  problems  would 
place  military  activities  in  a  vulnerable  slate,  affecting  the  type  and  intensity 
of  training  that  could  take  place  on  a  facility.  For  instance,  commute  times  for 
work  related  travel  for  the  local  community  surrounding  and  including  the 
installation  would  be  extended  longer  than  normally  expected  as  a  result  of 
congestion  problems  (TO  2003). 

Heavy  to  severe  congestion  areas  also  impacts  water  supply  and  quality. 

These  areas  often  contain  large  extents  of  impervious  surfaces.  Impervious¬ 
ness  changes  the  routing  and  timing  for  water  to  reach  a  lake  or  stream.  When 
rain  reaches  impervious  surfaces,  any  pollutants  (such  as  automobile  fuel)  are 
collected  by  the  water  and  carried  into  neighboring  water  systems.  Other  un¬ 
intended  results  may  include:  removal  of  natural  storage,  retention,  and  recy¬ 
cling  of  precipitation:  significant  increases  in  overland  runoff  into  surface  wa- 
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tens;  decreases  in  stream  base  flow  and  groundwater  recharge;  widening  or 
morphology  of  stream  channels;  increases  in  floodwater  velocities;  and  in¬ 
creases  in  the  magnitude  and  frequency  of  flooding. 

Additionally,  it  is  important  to  note  this  data  is  on  the  state  level  and  may  be 
skewed  by  local  ''hotspots.'’  In  other  words,  if  a  state  has  one  area  with  high 
local  traffic  volumes,  it  could  skew  the  data  for  the  entire  state  causing  it  to  be 
classified  as  high  traffic  volumes  regardless  of  the  characteristics  of  the  re¬ 
maining  majority  of  the  state.  Because  of  this  concern,  it  is  important  to  use 
local  knowledge  in  interpreting  the  traffic  volume  classifications. 

Replicable:  This  indicator  could  be  replicated  ever)'  year  based  on 
information  updated  annually  in  Federal  Highway  Administration's  Highway 
Statistics  (USDOT,  FHWA  2006). 

Directions:  Road  access  is  defined  by  AADT,  which  is  the  number  of  vehicles 
passing  through  a  particular  road  segment.  The  U.S.  Department  of  Transpor¬ 
tation's  (USDOTs)  Federal  Highway  Administration  provides  annual  highway 
statistics  containing  urban  and  rural  data  by  state  on  AADT.  The  traffic  vol¬ 
ume  levels  were  determined  by  information  obtained  from  Appendix  B  of  the 
2002  Urban  Mobility  Study  by  the  Texas  Transportation  Institute  (TTI  2002). 
Download  the  Highway  Statistics  data  into  a  CIIS  program  and  join  it  with  the 
state  shapefiles  to  create  a  Traffic  Volume  indicator  layer. 
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Indicator  Measure:  Traffic  Volume  classifications  were  defined  as  follows 
based  on  definitions  provided  in  the  Texas  Transportation  Institutes  2002 
Urban  Mobility  Study  (TTI  2002): 

Very  Low  Vulneiability  (1):  < =5500  AADT  (Low  Traffic  Volume) 

Low  Vulnerability  (2):  Not  Applicable 

Moderate  Vulnerability  (3):  >5500  -  <=7000  AADT  (Medium  Traffic 

Volume) 

Vulnerable  (4):  Not  Applicable 

High  Vulnerability  (5):  >7000  AADT  (High  Traffic  Volume) 


Rules:  Watersheds  often  cover  two  or  more  states.  Therefore,  watershed 
classifications  are  determined  by  a  weighted  average.  The  weighted  average 
calculation  determines  what  percentage  of  the  watershed  is  in  each  state  and 
multiplies  that  percentage  for  each  state  by  that  state’s  classification  value. 
Those  values  for  each  region  of  the  watershed  are  then  totaled  to  arrive  at  a 
value  for  the  watershed.  This  value  is  subjected  to  the  same  ranking  metric 
that  determined  the  classifications  for  the  individual  county. 
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Appendix  C:  Indicator  Maps 


24  -  65  Total  Vulnerability  Scoie 


69  Total  Vulnerability  Score 


70  -  77  Total  Vulnerability  Score 


79  -  82  Total  Vulnerability  Score 


83  - 120  Total  Vulnerability  Score 
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''Jtfcte. 


25  -  35  Total  Suooly  Score 


ERDC/CERL  TR-09-38 


232 


Wator  Supply  Indicators 
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A1  Streamflow 


A 2  Local  Water  Product#™ 


A3  Presence  of  Groundwater 
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A4  Low  Flow  Sensitivity 


AS  Groundwater  Depletion 


A6  Drought  Sensitivity 
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A7  Federally  Declared  Pilasters 


AS  Seismic  Zones 


A9  Fodorally  Declared  Floods 
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A10  Flood  Rsk 


All  TES  Richness 


A12  TES  Hoteoot 
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A13  Criteria  Air  Pollutant 


Wator  Demand  Indicators 


D2  Consumption  Rate 
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A14  Water  QuaKy 


D4  Reg'ooal  Population  Density 
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D6  Poputation  Growth  Projection 


D7  State  Smart  Growth  Plans 
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Appendix  D:  State  Agencies  Pertaining  to 
Water 


Stale 

Water  Related  Agencies 

Alabama 

Department  of  Conservation  and  Natural  Resources 

Department  of  Environmental  Management 

Department  of  Economic  and  Community  Affairs:  Office  of  Water  Resources 

Alaska 

Department  of  Natural  Resources 

Department  of  Environmental  Conservation 

Arizona 

Department  of  Water  Resources 

Department  of  Environmental  Quality 

Arkansas 

Department  of  Environmental  Quality 

California 

Department  of  Water  Resources 

Department  of  Conservation 

Environmental  Protection  Agency 

Colorado 

Department  of  Natural  Resources 

Department  of  Public  Health  and  Environment 

Connecticut 

Department  of  Environmental  Protection 

Delaware 

Department  of  Natural  Resources  and  Environmental  Control 

Florida 

Department  of  Environmental  Protection 

Georgia 

Department  of  Natural  Resources 

Hawaii 

Department  of  Land  and  Natural  Resources 

Department  of  Health 

Idaho 

Department  of  Water  Resources 

Department  of  Environmental  Quality 

Illinois 

Department  of  Natural  Resources 

Environmental  Protection  Agency 

Indiana 

Department  of  Natural  Resources 

Department  of  Environmental  Management 

Iowa 

Department  of  Natural  Resources 

Kansas 

Department  of  Health  and  Environment 

Kentucky 

Department  for  Natural  Resources 

Department  for  Environmental  Protection 

Louisiana 

Department  of  Natural  Resources 

Department  of  Environmental  Quality 

Maine 

Department  of  Environmental  Protection 

Maryland 

Department  of  Natural  Resources 

Department  of  the  Environment 
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State 

Water  Related  Agencies 

Department  of  Conservation  and  Recreation 

Department  of  Environmental  Protection 

Michigan 

Department  of  Environmental  Quality 

Minnesota 

Department  of  Natural  Resources 

Department  of  Environmental  Assistance 

Pollution  Control  Agency 

Mississippi 

Department  of  Environmental  Quality 

Department  of  Natural  Resources 

Department  of  Conservation 

MnfltAnn 

Department  of  Natural  Resources  and  Conservation 

Department  of  Environmental  Quality 

Natural  Resource  Information  System 

GIS  Data  Library 

Nphra^kA 

Department  of  Natural  Resources 

Department  of  Environmental  Quality 

Department  of  Conservation  and  Natural  Resources 

Division  of  Environmental  Protection 

2 

1 

1 

Department  of  Environmental  Services 

Mew  Jersey 

Department  of  Environmental  Protection 

NpW  Mp'(  'TO 

Energy.  Minerals,  and  Natural  Resources  Department 

Environmental  Department 

New  York 

Department  of  Environmental  Conservation 

North  flArnlinA 

North  Carolina  Department  of  Environment  and  Natural  Resources 

GIS  Database 

North  ftakota 

Department  of  Health 

State  Water  Commission 

Oh  in 

Department  of  Natural  Resources 

Environmental  Protection  Agency 

OklAhnma 

Department  of  Environmental  Quality 

Conservation  Commission 

Oregon 

Water  Resources  Department 

Department  of  Environmental  Quality 

Department  of  Fish  and  Wildlife 

FV»nn<^vlvAnia 

Department  of  Conservation  and  Natural  Resources 

»  viiiiaiiruiiiu 

Department  of  Environmental  Protection 

Rhode  Island 

Department  of  Environmental  Management 

Smith  PAmlirva 

Department  of  Natural  Resources 

Department  of  Health  and  Environmental  Control 

South  Dakota 

Department  of  Environment  and  Natural  Resources 

Tennessee 

Department  of  Environment  and  Conservation 
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Water  Related  Agencies 


Commission  on  Environmental  Quality 


Texas  Water  Development  Board 


Department  of  Natural  Resources 


Department  of  Environmental  Quality 


Automated  Geographic  Reference  Center 


Agency  of  Natural  Resources 


Environmental  Board 


Department  of  Environmental  Quality 


Department  of  Natural  Resources 


Department  of  Ecology 


Department  of  Transportation’s  Environmental  Services 


Department  of  Commerce:  Division  of  Natural  Resources 


Department  of  Environmental  Protection 


Department  of  Natural  Resources 


Department  of  Environmental  Quality 
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Appendix  E:  Modeling  Stream  Flows 

If  stream  flow  records  are  inadequate  or  not  recorded,  there  are  a  number 
of  methods  that  may  be  developed  to  estimate  the  availability  of  water. 
These  methods  may  include  using  historical  precipitation  and  evaporation 
data,  data  from  a  similar  river  in  a  nearby  basin,  or  other  methods.  Physi¬ 
cal  modeling  of  natural  systems  requires  large  amounts  of  data,  and  tends 
to  be  very  time  intensive  to  calibrate.  It  took  a  six-year  effort  to  improve 
the  understanding  of  the  recharge  and  river  interaction  of  the  Middle  Rio 
Grande  Basin  Aquifer,  so  that  a  water  management  strategy  could  be  im¬ 
plemented  (Alley  2006).  A  simple  regression  model  may  be  the  best  choice 
to  estimate  available  surface  water  supplies.  A  regression  model  is  a  statis¬ 
tically  based  approach  to  estimating  a  value  from  given  inputs.  Regression 
models  can  define  stream  flow  with  merely  precipitation  as  an  input,  but 
other  terms  that  may  be  used  include  temperature,  impervious  area,  soil 
moisture  content,  and  others.  Generally,  the  more  terms  used  to  define  the 
stream  flow,  the  more  accurate  the  model  should  be,  yet  a  model  is  only  as 
accurate  as  the  data  used.  Since  this  model  needs  only  to  produce  annual 
stream  flow  figures  a  less  detailed  model  may  be  used.  It  is  suggested  that 
the  inputs  of  precipitation  and  temperature  be  used  due  to  their  high  cor¬ 
relation  to  annual  stream  flow  amounts  and  wide  availability. 

Literature  Review 

Linear  precipitation-runoff  regression  models  have  been  successfully  used 
in  the  past  to  represent  seasonal  runoff  relationships  (Dishkin  1970).  Oth¬ 
ers  have  furthered  the  study  of  linear  regression  models  for  the  purpose  of 
evaluating  seasonal  runoff  relationships  (Raman  1995).  Such  studies  show 
that  regression  models  are  adequate  representations  of  watershed  re¬ 
sponses  for  monthly  time  scales.  The  models  have  experienced  trouble  ac¬ 
curately  reflecting  responses  in  arid  areas  when  precipitation  is  the  only 
input. 

Many  authors  have  addressed  the  inadequacies  of  regression  models  in 
arid  regions  by  including  temperature  inputs  to  represent  evapotranspira- 
tion  rates.  Such  models  perform  well  when  simulating  annual  flows,  but 
less  w'ell  in  simulating  monthly  flows  (Alley  1984).  Better  models  are 
available  for  estimating  evapotranspiration,  but  are  complex  and  require 
more  parameters  (Xu  1998).  Models  are  to  be  developed  and  applied  to  a 
number  of  watersheds  in  a  short  time  period.  With  this  in  mind  a  simple 
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temperature  variable  shall  be  used  for  evapotranspiration  purposes,  keep¬ 
ing  in  mind  that  monthly  estimates  may  be  misleading. 

Developing  the  Model 

Various  authors  have  noted  the  complications  presented  with  inadequate 
stream  flow  gauging  (Xu  2004;  Raman  1995).  Parameters  may  be  region¬ 
alized,  or  nearby  watershed  basins  may  be  used  to  estimate  rainfall  runoff 
relationships.  A  nearby  basin  with  similar  land  use  characteristics  and  an 
adequate  rainfall  and  stream  flow  record  should  be  chosen. 

Stream  flow  measurements  may  be  obtained  from  the  USGS.  Precipitation 
and  temperature  data  is  obtained  from  the  NOAA.  The  temperature  data 
can  be  from  a  larger  area  than  the  watershed  itself,  because  monthly  tem¬ 
perature  values  are  fairly  constant  over  larger  regions,  while  the  precipita¬ 
tion  data  is  quite  varied  in  a  spatial  context.  The  precipitation  figures 
should  ideally  be  taken  from  gages  within  the  watershed  itself.  Due  to  rain¬ 
fall  rates  being  spatially  dependent,  multiple  gages  may  be  needed  to  de¬ 
termine  an  average  rate  for  a  watershed  through  the  use  of  geostatistics. 
The  calibration  process  uses  historical  values  of  each  of  the  inputs  to  de¬ 
termine  the  appropriate  constants  in  the  model  through  a  least  squares 
regression  process.  The  model  may  be  tested  with  a  few  different  equation 
types  (linear,  power,  sine,  etc.)  to  find  a  model  that  appropriately  defines 
the  watershed  response.  The  calibrated  model  may  then  be  scaled  using 
the  watershed  areas  to  represent  expected  flow  in  the  un-gauged  river. 

The  physical  meanings  of  the  inputs  are  lost  when  least  square  regression 
Is  used  as  an  optimization  tool.  The  operators  with  which  the  inputs  are 
multiplied  are  only  loose  representations  of  physical  processes  such  as  in¬ 
filtration  and  evaporation.  Therefore  in  a  normal  water  balance  evapora¬ 
tion  would  be  a  negative  term,  the  operator  determined  through  least 
square  regression  may  be  a  positive  term.  Least  square  regression  methods 
are  appropriate  given  the  following  conditions  (Troutman  1985): 

9.  The  errors  are  statistically  independent  of  the  predictions  and  are  identi¬ 
cally  distributed. 

10.  The  errors  are  statistically  independent  of  each  other. 

11.  The  errors  have  a  mean  of  zero  and  a  finite  variance. 

12.  The  errors  are  normally  distributed. 
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These  assumptions  are  reviewed  for  validity  to  find  an  appropriate  equa¬ 
tion  form  (linear,  power,  sine,  etc.)  before  projecting  future  trends.  This 
model  may  be  used  to  define  the  baseline  stream  flow  available. 

Projecting  Future  Trends 

Once  the  baseline  stream  flow  has  been  established,  the  normal  proce¬ 
dures  for  projecting  future  trends  may  be  followed.  Alternatively,  Global 
Circulation  Models  (GCMs)  predict  changes  in  temperature  and  precipita¬ 
tion  on  a  global  scale.  A  linear  relation  between  the  projected  values  and 
the  current  values  may  be  used  to  evaluate  the  change  in  stream  flow  re¬ 
sponse  to  changing  climate.  A  Monte  Carlo  simulation  may  be  applied  to 
the  trended  precipitation  and  temperature  values  to  portray  weather  vari¬ 
ability  (Maidement  1993).  This  projection  should  be  run  a  number  of  times 
to  create  a  statistically  significant  dataset,  since  the  Monte  Carlo  Simula¬ 
tion  is  a  statistical  process. 
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Appendix  F:  Modeling  Installation  Demand 

The  installation  water  demand  model  is  an  Excel  spreadsheet  application 
that  projects  water  demand  for  mast  U.S.  Army  installations  up  to  2032, 
based  on  data  input  by  the  user.  The  model  uses  a  macro  to  sort  the  instal¬ 
lation's  Real  Property  data,  and  then  uses  that  and  other  data  entered  by 
the  user  to  calculate  water  demand. 

Description  of  each  worksheet,  with  selected  screenshots 

Instructions 

This  provides  instructions  for  using  the  demand  model  spreadsheet  appli¬ 
cation.  Do  not  attempt  to  use  the  demand  model  before  reading  these.  An 
extended  version  of  the  instructions,  with  screenshots,  is  also  found  in  the 
next  section. 

Projection  Input 

This  is  one  of  the  two  main  worksheets  in  which  data  is  entered.  Here  the 
user  enters  information  about  the  installation,  such  as  number  of  housing 
units,  number  of  military  stationed,  and  the  estimated  water  consumption 
in  gallons  per  unit  per  day  (gpud)  for  certain  use  sectors.  The  bright  yellow 
cells  require  data  input,  while  the  bright  green  cells  contain  default  values 
that  may  he  changed  if  the  user  wishes.  Other  cells  should  not  be  altered. 
At  the  bottom  of  the  worksheet  is  a  place  to  enter  up  to  three  possible  wa¬ 
ter  rates  in  the  form  of  X  price  per  thousand  gallons  of  water,  so  that  esti¬ 
mated  future  water  costs  can  be  calculated. 
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Water  ProJ  Summary 


This  displays  the  results  of  the  projection  model.  It  summarizes  the  data 
entered  in  the  Projection  Input  worksheet,  and  shows  values  calculated 
from  that  data,  such  as  the  number  of  school-aged  dependents. 
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The  bottom  part  of  the  worksheet  shows  the  water  demand  projections  out 
to  2032,  in  both  table  and  chart  form.  There  are  two  projections  shown:  1) 
the  baseline  annual  average  in  MGD,  which  assumes  that  unit  water  con¬ 
sumption  rates  (in  gpud)  remain  constant  into  the  future,  and  2)  the  wa¬ 
ter-efficient  annual  average  in  MGD.  which  assumes  a  2  percent  annual 
decrease  in  consumption  beginning  in  2009  in  compliance  with  Executive 
Order  13124. 
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Cost  Projection 

This  worksheet  shows  estimated  water  costs.  In  the  Projection  Input  work¬ 
sheet,  the  user  is  able  to  enter  possible  water  rates.  The  water  costs  are 
calculated  from  the  total  projected  water  usage  in  MGD  (in  the  Water  Proj 
Summary  worksheet)  and  the  water  rates  entered  in  the  Projection  Input 
worksheet.  Results  are  in  terms  of  both  water  cost  per  day  and  water  cost 
per  year.  A  chart  at  the  bottom  of  the  worksheet  is  helpful  for  comparing 
costs  between  the  baseline  and  water  efficiency  results. 

Input 

In  this  worksheet,  the  user  enters  the  Real  Property  data  for  the  installa¬ 
tion.  The  worksheet  is  set  up  so  that  only  the  category  code,  primary  and 
secondary  quantities,  and  total  number  of  that  particular  category  code 
need  to  be  entered.  The  other  columns  will  automatically  fill,  as  the  work¬ 
sheet  is  set  up  to  search  the  full  list  of  category’  codes  (found  in  the  Cat- 
Codes  worksheet)  for  the  category  code  value  input  by  the  user.  A  descrip¬ 
tion  of  the  various  units  of  measurement  (UM)  is  also  found  at  the  top  of 
this  worksheet. 


Indust&Malnt 

Once  the  macro  is  run.  this  worksheet  displays  the  industrial  and  mainte¬ 
nance  buildings  and  structures  at  the  installation. 
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Housing 

Once  the  macro  is  run,  this  worksheet  displays  the  housing  buildings  at 
the  installation.  There  are  three  subcategories:  family  housing,  transient 
housing/lodging,  and  barracks.  Each  of  these  subcategories  has  a  different 
water  consumption  rate,  so  it  is  necessary  to  separate  them. 

Community&Commerclal 

Once  the  macro  is  run,  this  worksheet  displays  the  community  and  com¬ 
mercial  buildings  and  structures  at  the  installation.  There  are  three  sub¬ 
categories:  non-food  related  indoor,  non-food  related  outdoor,  and  food- 
related.  Non-food  related  outdoor  buildings  and  structures  generally  do 
not  use  water,  and  are  not  factored  into  the  water  demand  projections. 
They  are  included  for  informational  purposes. 

Medical 

Once  the  macro  is  run,  this  worksheet  displays  the  medical  buildings  at  the 
installation.  The  yellow  cells  at  the  bottom  need  to  be  filled  in  with  specific 
values.  See  instructions  for  more  details. 

Admin&Opns 

Once  the  macro  is  run,  this  worksheet  displays  the  administration  and  op¬ 
erations  buildings  and  structures  at  the  installation. 

Trng&Schools 

Once  the  macro  is  run,  this  worksheet  displays  the  training  and  school 
buildings  and  structures  at  the  installation.  There  are  two  subcategories: 
dependent  schools  and  other  training  and  schools. 

Storage 

Once  the  macro  is  run,  this  worksheet  displays  the  storage  buildings  and 
structures  at  the  installation. 

Special  Category 

Once  the  macro  is  run,  this  worksheet  displays  the  "special  category" 
buildings  and  structures  at  the  installation,  which  are  singled  out  for  their 
water  usage.  There  are  three  subcategories:  high  water  use  facilities,  irri¬ 
gated/improved  land,  and  other  land. 
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CatCodes 

This  worksheet  displays  the  full  list  of  all  U.S.  Army  category  codes,  their 
primary  and  secondary  quantity  units  of  measurement,  and  the  short  and 
long  code  descriptions.  It  is  included  for  informational  purposes. 

*A  note  about  units:  On  some  of  the  building/structure  worksheets  (In- 
dust&Maint,  Housing,  etc.)  the  secondary  quantities  are  summed  at  the 
bottom,  while  others  are  not.  This  is  because  the  secondary  quantity  units 
are  not  always  able  to  be  added.  Always  check  to  make  sure  these  can  be 
added  before  doing  so.  For  example,  "spaces'  and  “persons"  (as  found  in 
the  Housing  worksheet)  may  be  added,  but  "vehicles"  and  "seats"  (as 
found  in  the  Community&Commercial  tab)  cannot.  See  the  UM  descrip¬ 
tion  at  the  top  of  the  Input  worksheet  to  determine  whether  two  different 
UMs  may  be  added. 

Instructions  for  using  the  demand  model 

Before  doing  anything  else,  go  to  Save  As  and  save  the  document  under  a 
name  that  reflects  the  installation  you  are  studying  (ex.  Wa- 
ter_Demand_Model_FtBragg). 

Tips 

•  Do  not  enter  any  data  until  you  have  read  the  instructions. 

•  Make  sure  macros  are  enabled.  If  you  did  not  enable  the  macros  when 
you  opened  the  document,  close  the  document  and  open  it  again,  this 
time  enabling  macros. 

•  Do  not  rearrange  the  order  of  the  worksheets  or  add  new  ones.  Also  do 
not  insert  new  rows  or  columns  anywhere  in  this  workbook.  These  ac¬ 
tions  may  cause  the  macros  to  malfunction. 

•  Data  may  be  entered  only  into  cells  that  are  bright  yellow  or  bright 
green,  found  only  in  the  Projection  Input,  Input,  and  Medical  tabs. 

1.  Go  to  the  Input  tab.  Enter  the  category  codes  for  all  uses  on  the  installa¬ 
tion.  and  the  primary  and  secondary  quantities  and  the  total  number  of 
buildings  or  structures  in  each  category  code.  Only  the  bright  yellow  col¬ 
umns  should  be  filled.  If  you  are  copying  and  pasting  from  another  spread¬ 
sheet,  make  sure  you  right  click  and  select  “Paste  Special"  and  then  select 
"Values"  so  that  you  are  pasting  the  values  only. 
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1.  Go  to  the  Indust&Maint  tab  and  select  cell  B4. 

2.  Go  to  Tools,  Macro,  and  click  on  Macros.  When  the  macro  window  opens, 
select  “RunAll"  and  dick  "Run.”  The  macro  will  sort  the  information  you 
entered  in  Step  1  and  each  of  the  light  yellow  tabs  will  now  display  their  re¬ 
spective  buildings  and  structures. 
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1. 


If  the  macro  returns  an  error  message,  take  the  following  steps.  Otherwise, 
skip  to  Step  5.  Go  to  the  Special  Category  tab  and  select  cell  B.j.  Open  the 
macro  window  and  select  "ClearAll"  and  click  Run.  The  macro  will  clear  all 
data  from  the  light  yellow  tabs.  Repeat  Step  3. 
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1. 


I  fill  e  macro  still  returns  an  error  message,  you  may  sort  the  data  tab  by 
tab  by  doing  the  following.  Go  to  the  Special  Category  lab  and  select  cell  B-.| 
and  run  the  Cl  ear  All  macro  again.  (Jo  to  the  Indust&Maint  tab  and  select 
cell  B-|.  Open  the  macro  window  and  select  'indust_Mainf  and  click  Run. 
Repeat  this  step  for  all  light  yellow  tabs.  selecting  cell  B-i  and  running  the 
macro  with  the  corresponding  name  for  each  one. 
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1. 


.*•-*»>  I  >r ■««  .  >n.,  I  M ;—S" 


Go  to  the  Medical  tab.  Since  the  medical  center  is  so  much  larger  than  the 
rest  of  the  medical  buildings,  you  will  need  to  do  a  few  calculations.  Cell 
E18  is  equal  to  the  total  square  footage  of  the  health  clinics  (categoiy  code 
55010,  column  E)  divided  by  the  number  of  health  clinics  (column  I). 
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Cell  E20  is  equal  lo  the  suin  of  all  the  buildings  (cell  1 15)  minus  the  num¬ 
ber  of  medical  centers.  Cell  E21  is  equal  to  cell  E19  plus  cell  E20. 
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L  In  tl»e  Projection  Input  tab,  enter  the  appropriate  data  into  all  of  the  bright 
yellow  celLs  in  Rows  5-10, 12-19, 23-25,  and  33.  Only  bright  yellow  cells 
should  be  filled.  White  cells  do  not  require  any  data  input.  For  example, 
the  typical  military  family  size  in  row  11  Ls  calculated  from  other  values.  If 
you  do  not  have  data  beyond  a  specific  year,  you  may  drag  the  value  for  the 
last  year  you  do  have  data  over  to  the  rest  of  the  years.  Use  your  best 
judgment.  For  example,  if  you  know  there  will  be  an  increase  in  the  num¬ 
ber  of  soldiers  at  your  installation  in  2011,  you  should  enter  data  to  reflect 
that. 


The  data  in  rows  5-10  and  12-19  "'ill  likely  be  given  by  the  installation.  The 
water  consumption  data  in  rows  23-25  and  33  are  derived  from  the  re¬ 
gional  water  consumption  data. 


l  I  n  the  bright  yellow  cells  at  the  bottom  of  the  page  (rows  40-42),  under 
"Costs”:  Enter  data  for  cost  projections.  Data  will  likely  be  in  the  form  of  a 
certain  price  per  thousand  gallons  of  water.  You  may  enter  a  description  of 
the  pricing  in  the  first  column  (e.g.,  Price  A  2011  Price,  etc.). 


;  KB#  8  tt  o  u  a  * a Mf-yj v  i  -  fw 
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l  Slill  in  Ihe  Projection  Input  tab,  you  may  alter  the  default  values  in  the 
bright  green  cells  if  you  wish,  hut  these  values  are  widely  accepted  as  the 
standard  (AYVWA  book). 
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